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HJ GH-TEHPE BATUR £ I N VEST 1GAT ICN S OF  HEA1-  ABC  OF  ELECTRICAL 
CONDUCTIVITY  OF  SOLID  BCDIES. 

1 

V.  E.  Peletskiy,  D.  L.  liarct,  V.  Yu.  Voskr esenskiy . 

1 ■ 

2. 

In  book  ace  examined  tie  basic  experimental  methods  of  the  study 
cf  heat-  and  electrical  comductivity  of  solid  bodies  in 
high-temperature  range  and  the  structural/desigq  formulation  of  the 
corresponding  experimental  installations..  In  this  case,  special 
attention  is  given  to  tie  metheds  cf  creation  ard  measurement  of 
bigh-teaperature  fields  in  the  speciaen/saap les  of  the  materials 
being  investigated  and  to  sources  cf  systematic  and  random  errors 
during  measurements. 

Are  given  and  are  discussed  tie  results  of  the  experiuental 
investigation  of  heat-  and  electrical  conductivity  of  refractory 
metals  in  high-temperat ere  range. 

The  book  is  intended  to  scientific  workers  and  research 
engineers,  working  in  the  field  of  study  of  heat-  and  electrophysical 
properties  of  substance.  It  can  be  recommended  also  to  graduate 
students  and  the  students  of  the  cld  courses  of  thermo ph ysical  and 

i 

heat  engineering  specialties. 


Pag*  J. 

Preface. 

The  grown  in  recent  years  interest  ia  the  high- teaperature 
aeasureaents  of  the  properties  of  substances  is  not  accidental.  The 
perfection/iaproveaent  cf  engineering  scluticos  in  power  engineering, 
aviaticn,  aissile  construction  is  unthinkiakle  without  the  wide  and 
reliable  inforaation  abcut  the  properties  cf  structural  aaterials  in 
all  teaperature  range  of  their  use. 

{c  particular,  during  calculations  and  the  construction  of  the 
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systems  of  conversion  and  energy  transfer  t he  special  iaportance  has 
kaewlcdge  of  theraal  conductivity  and  resistivity. 

% 

Limited  possibilities  cf  tie  theoretical  methods  of  the  ^ 

quantitative  estimation  of  these  paraaeters  force  to  widely  develop 
experimental  investigations  and  determine  tie  urgency  of 

generalization  and  analysis  of  experiment*  accumulated.  f 


In  the  present  work  we  exaaine  methods  and  the  technique  of 
aeasuEeaents  of  heat-  ard  electrical  conductivity  in  essence  in 
ccqneotion  with  high-tem perature  range. 

She  appearance  of  the  bock  of  L.  P.  Filippova,  dedicated  to  the 
measurements  of  the  thermal  properties  of  metals  [3-32],  allowed  us 
to  concentrate  their  attention  in  those  systematic  methods  which  not 
entermd  into  this  monograph  or  they  were  c|ly  touched  upon  in  it.  He 
tried  rot  to  be  limited  cnly  to  the  theoretical  side  of  one  or  the 
other  systematic  developments,  but,  where  this  was  essential, 
examined  the  special  feature/peculiarities  cf  their  technical 
realization. 

Page  8. 

Taking  into  account  its  own  experience,  acquired  in  this  range,  we 
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attempted  to  qote  advantages  and  disadvantages  it  the  described 
works,)  to  deteraine  the  aaxiaux  level  cf  pperating  teapecatures  and 
tie  degree  of  reliability  of  the  results  of  aeasureaents. 

One  of  the  indices  of  the  level  of  aetiology  is  the  convergence 
of  experiaental  data  foi  one  and  tie  saae  ptre/clean  substances, 
obtained  during  different  experiaental  installations.  In  connection 
vith  this  into  the  book,  is  introduced  the  chapter,  which  contains 
survey/coverage  of  the  results  cf  investiga tic rs  of  the  properties  of 
a nuaber  of  refractory  aetals.  This  saall  reference 

application/appendix  can  be  usefully  as  researchers,  so  to  designers. 

The  content  of  this  book  rests  in  essence  on  the  experiaental 
investigations,  aade  by  tie  authors.  Settjtg  and  the  consecutive 
develgpaent  of  these  works  - to  a consi derails  extent  the  result  of 
attention  and  support  to  the  corresponding  sellers  of  the  AS  OSSH  A. 
¥c.  sheyndlin. 
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Page  S. 


Chapter  one. 


BASES  CF  THE  METHODS  OF  THE  EXPERIMENTAL  C El E R H 1 NATION  OF  THE 
COEFFICIENT  OF  THERMAL  CCNBCCTIVITI  AND  OF  RESISTIVITY. 


1-1.  General  equation  of  therual  cc nductiv i ty . 

The  law  of  conservation  of  energy  and  Bio  - Fourier's  hypothesis 
■ahe  it  possible  to  construct  quantitative  theory  for  describing  the 
processes  of  space-tiae  charges  in  the  temperature  fields  and 
ccqneCted  with  this  energy  effects.  This  theory  operates  with  the 
concepts  of  heat  flux  and  teoperature  gradient. 


Heat  flux  is  defined  as  quantity  of  heat  dc«  transferred  per 
unit  tine  through  the  surface  dF  io  questicr.  The  reference  of  this 
ficw  to  the  unit  of  the  selected  strface  taking  into  account  the 
dependence  of  its  value  froi  the  attitude  ci  area/site  nates  it 
possible  tc  introduce  the  concept  of  the  vector  cf  heat-flux  density 


«/■*: 


dQ=}d?. 
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ti 

i 

Xf  with  the  aid  of  control  surface  o|  F tc  isolate  in  body  the 
arbitrary  volune  V,  the  quantity  of  heat  dQr,  entering  it  through 
this  surface  for  a small  time  interval  dr,  it  will  be  possible  to 

| 

find  4n  the  fora 

difadP,  (1-2) 

p 

where  q»  the  projecticn  of  the  vector  of  beat  flux  on  the  external 
standard  a to  surface  ol  F at  the  pcint  in  question. 

Page  6. 

4f  , 

According  to  the  (Fauss  divergence  theorem  - Gauss 

• * t • 

di  \qdV.  (1-3) 

Jn  accordance  with  the  first  law  of  t hemodynamics,  the 
introduced  into  systea  l eat  is  spent  on  an  increase  in  internal 
energy  dU  and  completion  by  the  system  of  mechanical  work. 

After  placing  V = const,  we  will  exclude  tbe  possibility  of 
completion  by  the  system  of  mechanical  work  and  will  arrive  at 
fallowing  expression  for  changing  the  internal  energy: 


-■e 

4 

c 

I 

I 

t 


a 


Cy  « (du/dT)  y. 

Thus,  froa  equations  (l-2)-( 1-k)  it  fellows: 

^)dVa*0-  (1,5) 

Taking  into  account  tte  arbitrariness  cf  wclume,  it  is  possible 
tc  write: 

dirf*  (!•$) 

If  in  body  act  sources  of  heat  (absorption  cf  electromagnetic 
radiation.  Joule  heat,  radioactive  decay,  etc.)  , then  into  equation 
(1-6)  Bust  be  introduced  the  tens,  which  give  vclunetric 
productivity  of  these  sources  *T,  !/■*.  Equation  of  the  balance  of 

heat  is  record/written  in  this  case  in  the  torn 

Cv-jr+dVf-fy-O.  <1-7) 

One  should  again  note  that  in  the  written  form  of  equation  (1-6) 
and  (1-7)  are  valid  under  the  condition  of  vcluie  constancy  (strains 
ace  equal  to  aero  or  cocstant). 
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Cage  7. 

If  this  condition  is  not  satisfied,  into  equation  Bust  be  introduced 
the  ten,  which  considers  the  thermal  effect  of  strain.  In  accordance 
with  [1-1]  he  can  be  represented  it  tfce  fen 

g,,  jLdiv£  (1-8) 

where  cp  heat  capacity  at  constant  pressure;  a - coefficient  of  the 
thermhl  expansion  of  bod);  1j  - vector  of  the  strain  (its  divergence 
determines  volume  change  during  strain)1. 

FOOTNOTE  l.  Equation  (1-7)  with  addition  (1-8)  in  principle  must  be 
supplemented  by  the  equation  of  equilibrium,  which  connects  strain 
with  temperature  distribution  in  tbe  body: 

+ ? draddivm rotrofB-sBvr, 

in  which  « - Poisson  ratio.  This  nalces  the  system  of  equations  of 
complete  and  makes  it  possible  to  find  the  uqkncwn  function  T(x,  y, 

Z,  r)  / ENDFOOTNOTE. 


Of  solid  bodies  the  contribution  of  this  term  is  very  small 
(— — — •*«  * ).  and  with  sufficient  accuracy  it  is  possible  to  use 

\ J 

equation  of  type  (1-7). 
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Equation  (1-7)  must  be  supplemented  by  the  equation  of  relation 
of  the  vector  of  the  heat  flux  g with  the  value,  which  characterizes 
teapeEature  field  in  solid  tody.  This  equation  they  proposed  Biot 
(••804*  and  Fourier  (1822).  On  tbeir  hypothesis  the  vector  of 
heat-flux  density  q,  cacsed  by  existence  in  the  body  of  tie 
heterogeneity  of  the  temperatures,  that  acts  at  the  given  instant  at 
the  particular  point  of  body,  is  directly  piopcitional  to  the 
existing  at  this  sane  point  and  at  this  saae  acaent  of  tiae  gradient 
of  the  teaperature: 

g=« — i grad  T.  (1-9) 

Minus  sign  is  determined  by  the  fact  that  in  conforaity  with  the 
second  law  of  tier aodynaaics  the  vector  of  heat  flux  is  directed  to 
the  side  of  the  less  heated  parts  of  the  body  (direction  of  negative 
gradients)  . 

The  coefficient  of  proportionality  X,  which  obtained  the  name  of 
the  ccefficient  of  therial  conductivity,  is  one  of  the  most  important 
physical  characteristics  cf  substance. 

in  connection  with  the  fundamental  value  cf  equation  (1-9)  the 
experimenters  again  and  again  turn  to  its  checking. 

Page  8. 
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Its  path  consists,  in  particular,  cf  the  ccaparison  of  the  results  of 
the  calculation  of  teepcrature  fields,  constructed  during  the  use  of 
equations  (1-7)  and  (1-S),  with  experimental  data. 

One  of  the  last./latter  such  deckings  was  nade  by  Lindholn, 

Baker  and  Kirkkpatrick  [1-2].  In  wiew  of  its  special  interest  let  us 
paose  at  it  in  aore  detail. 

In  work  was  investigated  the  tenperat'ure  field  of  cylindrical 
copper  specinen/sa aple  with  a dianeter  cf  4.76  sore  than  60  aa  in 
long.  Here  accepted  special  aeasures  for  the  tberaal  screening  of 

lateral  surface,  so  that  in  the  case  of  heat  supply  from  end/face  . 

were  provided  the  conditicns  of  cnc-diaeqsicnal  problen.  As  the 
source  of  theraal  energy  served  the  arc  reflecting  furnace  with  dual 
parabolic  reflector,  which  xade  it  possible  tc  change  the  density  of 
radiant  flux  on  the  end/facc  of  speciaen/saiple  within  Units  of  400- 
4000  M/cm2.  Experinent  occupied  several  seconds.  So,  at  the 
density  of  flow  3600  R/ca2  exposure  tiie  was  2.4  s.  Melting  point  on 
end/face  was  reached  after  1 s.  The  inertness  cf  thernocon pies  was 
brought  to  the  nininua:  the  dianeter  of  the  electrodes  of  the 
tungsten-r heniun  thermocouples,  intredneed  radially  into 
speciaen/sanple,  it  was  0.0254  an.  The  temperature  fields,  obtained 
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experiuentally,  were  compared  with  the  results  cf  solution  in 
electronic  cosputer  of  the  cne-di nensic ral  equation  of  theraal 
conductivity  taking  intc  account  the  temperature  dependence  of  heat 
capacity,  density  and  theraal  conductivity. 

The  coincidence  of  calculated  and  experiaental  data  allowed  the 
authors  to  make  the  conclusion  that  and  in  the  case  cf  very  large 
heat  fluxes  (gradients  to  1C00  deg/ca)  Fourier's  hypothesis  does  not 
diverge  from  experiment. 

In  connection  with  the  positive  result  cf  such  checkings  at 
present  Bio  - Fourier's  hypothesis  is  considered  as  law,  valid  in 
practice  in  all  range  of  the  conditions  of  applying  solid  bodies. 

The  coefficient  of  thernal  conductivity  in  connection  with  this 
acquires  special  iaportance  and  is  the  cb ject/sub ject  of  widespread 
investigations.  It  oust  be  noted  that  ir  the  general  case  of 
anisotropic  bodies  it  is  tensor  of  second  order  and  during  bringing 
to  principal  axes  contains  three  main  ccnpcrents  [1-4]. 

Page  9. 

Fourier  law  in  this  case  is  record/written  in  the  fori 
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^1  - 1 0) 

where  i=1,  2,  3 - index  of  axes;  j=1#  2,  3 - index  of  the  addition 
(addition  in  accordance  with  Einstein's  rale  is  realized  on  the 
repeated  index)  and  it  is  system  of  three  equations  with  six  (taking 
into  account  the  synaetiy  of  tensor)  independent  components  of  the 
tensor  of  theraal  conductivity. 

let  us  eaphasize  the  characteristic  terque/aoaent , introduced 
anisotropic  than  the  aaterial.  If  for  an  isctrcpic  aaterial  the 
vector  of  heat  flux  is  ncraal  to  isothermal  surface  and  is  parallel 
to  the  gradient  of  tempc natures , then  in  anisotropic  medium  in  the 
general  case  this  is  not  fulfilled:  the  vector  cf  heat  flux  differs 
frea  the  vector  of  temperature  gradient. 

Bio  - Fourier's  lav  aakes  it  fossitle  tc  derive  the  differential 

equation  of  Fourier,  which  is  the  fcasis  of  the  calculation  of 

. 

teaperature  fields  and  heat-flcv  distributicc  in  bodies. 


For  its  first  task  it  is  possible  to  write  in  the  form 


er 


cv  — div  A grad  T — qy=0. 


(Ml) 


for  the  second  - in  the  fera 


1; 

T. 


13 


) 

i 


(M2) 
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Here  ay—  1/cv,  ■*/&  - iscchcric  coefficient  of  thereal 
diffusivity.  Its  value  is  pioporticnal  to  tie  velocity  of  propagation 
of  isqtheraal  surface  ip  body  £1-3]1. 

FOOTNOTE  1 . Ip  practice  we,  as  a rule,  do  net  acet  the  realization  of 
the  iscchoric  processes  of  theraal  conductivity-  In  connection  with 
this  esually  in  equations  <1—11)  a cd  (1-12)  are  utilized  the  values 
cf  the  physical  parameters,  undertaken  at  a constant  pressure.  Let  us 
note,  however,  that  in  pure  fora  the  iscbaric  theraal  conductivity 
occurs  only  in  soae  siaple  tasks.  Larger  partly  in  body  appears  the 
field  cf  theraal  stresses  and  neither  one  ncr  the  other  liaiting  case 
occurs.  The  strict  solution  of  this  ccnplex  pretlea  for  solid  bodies, 
however,  scarcely  whether  is  justified  due  tc  the  low  value  of 
difference  e,—cr.  BMDFCCTNCTE. 

Equation  (1-11)  is  correct  for  the  isctropic  and  anisotropic 
bodies  whose  propenties  can  depend  both  on  the  coordinates  and  on 
teapecature.  In  the  general  case  it  is  nonlinear  and  integration  of 
it  is  very  ccaplex  problea. 

Page  1C. 
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let  us  exaaine  some  conversions,  which  sake  it  possible  in  a 
cuiber  of  the  cases  to  lead  equaticn  to  a siapler  fora.  Let  cv  and  X 
they  depend  oq  teaperature.  Then  it  is  written  in  the  fora 

* ^=^T+^+^((^)-+(i)-+(-£-y]. 

(1-13) 

This  equation  is  nonlinear. 

Following  Kirchhoff  [1-5],  let  us  introduce  the  aew  variable 

a --Miff )<fl\  (1-K) 

whence 

dA  _ X 0T  ' d A _ X 9T 

5*  x,  <h  • d%  7 T ~3T 

aad  so  forth. 

C> 

Talcing  into  account  relaticnship/ratic  (1-14)  equation  (1-11) 
cai)  be  writteq  in  the  fera 

_L£=v.a+*_.  (I.15) 

which  corresponds  to  the  fora  of  the  equaticn  cf  tberaal  conductivity 
for  the  case  of  the  constant  value  of  the  coefficient  of  theraal 


1 


conductivity.  On  the  coefficient  of  theraal  diffusivity  <*v  of  such 
liaitations,  it  is  not  supeciapose d.  In  (1-15),  it,  in  the  general 
case,  depends  on  A. 


axes  q£  the  tensor  of  theraal  cond activity , and  Xt#  X2 , \t~ 
corresponding  principal  values  (M.  the  in  accordance  with  fourier 
law  in  the  fora  (1-10)  differential  eguaticn  of  theraal  conductivity 
takes  the  fora  (we  assune  that  the  theraal  conductivity  does  not 
depend  on  teaperature) 

Cy  ^ =1,  ~f~^«  •j-fy'  .(1-16) 


(<=1.2. 3). 

Utilizing  substitutiof/jit  is  possible  to  convert  equation  (1-16) 


to  the  fora 


n 

cv~gr 5 


(MD 


characteristic  for  an  isotrcpic  aaterial  with  the  coefficient  of 
theraal  conductivity  X=  ( X*  #x2#X^»/3- 


Fage  1 1. 


] 


One  should  focus  attention  on  the  invariability  of  the  voluae 


eleaent  of  body  during  this  conversion:  d¥=cXt d X2dX3=dx, dx *dx3 , which 
aakes  it  possible  to  consider  cons tanb/in variable  the  productivity  of 
internal  sources  gr  and  value  cv 
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The  ccmmon/ge neral/total  equation  of  ttermal  conductivity  (1-11) 
does  net  include  information  about  the  conditions  of  the  Coupling  of 
the  body  in  question  with  ervitenaent.  Iq  connection  with  this  it 
cannot  unambiguously  determine  entire  picture  of  the  distribution  of 
the  temperatures  and  heat  fluxes  in  body.  Ike  solution  of  this 
equation  can  be  only  only  during  its  construction  taking  into  account 
the  conditions  of  uniqueness  which  determine  geometry, 
size/dimensioqs  and  the  crystallographic  orientation  of  the  body 
(geometric  of  condition)in  question,  of  the  value  of  the  physical 
parameters,  entering  the  equation  (physical  cc(ditioqs),  the  special 
teature/peculiarit y of  the  course  of  process  in  time  (time/temporary 
condition)  and  finally  the  character  of  the  thermal  interaction  of 
the  boundaries  of  body  with  the  environment  (boundary  conditions). 
Only  totality  of  this  information  makes  it  possible  to  find  unique 
and  stable  solution. 

During  the  construction  of  experimental  procedures  for  studying 
one  or  the  other  physical  parameter,  the  assignment  of  physical 
conditions  is  incomplete.  Their  absent  compcnent/links  can  be  found. 


if  experiment  furnishes  infermatiep  cn  about  the  temperature 
distribution  in  body.  Thus,  werd  occurs  abcut  the  peculiar  inverse 
problem  of  the  theory  of  the  thermal  conductivity:  temperature  field 
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0 

is  known,  the  field  of  heat  fluxes  is  knows,  boundary  and 
tiwe/teaporary  conditiots  are  dete rained,  it  is  necessary  to  find  an 
unknown  series  of  physical  conditicns.  is  logical  tendency  so  to 

supply  experiment,  so  ttat  a ouaber  of  unknown  parameters  would  be  fj 

brought  to  the  niniaun. 

D 

In  connection  with  the  task  of  deterairing  the  coefficient  of  j : 

therndl  conductivity,  this  can  be  reached  fc)  the  creation  of  the 
conditions  under  which  ttT/dx—0  or  T(x,  j,  xj=ccnst. 

I) 

By  this  requirement  is  isolated  the  bread  class  of  the  so-called 

1 

stationary  problems  of  the  thecry  cf  thermal  cc  aduct  ivity.  Here  from 

equations  is  eliminated  this  parameter  as  heat  capacity,  and  in  a ]; 

nuabez  of  the  cases  solution  is  represented  by  the  simple 

I) 

correlations,  which  contain  only  the  coefficient  of  thermal 

conductivity.  ^ 


Page  12. 

In  present  work  we  will  be  restricted  to  the  examination  of  the 
methods  of  experiment,  instituted  crly  cn  stationary  problems. 
Simplicity  and  strictness  cf  the  analytical  description  cf 
temperature  fields  in  such  systems  make  it  possible  to  return  to  then 
preference  when  objective  of  tissicr  is  independent  data  finding  on 


) I 


I I 
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the  coefficient  of  theraal  conductivity  with  aaiimally  possible 
accuracy. 

It  aust  be  noted  that  the  larger  partly  necessary  condition  of 
obtaining  the  calculated  relaticnship/rafeics  of  nethod  is  the 
introduction  of  assunpticns  about  the  type  cf  tie  functional 
connection  of  the  coefficient  cf  thermal  conductivity  and 
temperature. 

1-2.  Linear  heat  flux  in  body. 

One  of  the  widespread  wethods  of  the  investigation  of  the 
coefficient  of  the  theraal  conductivity  of  the  aost  varied  materials 
is  the  method  of  flat/plane  statiocary  isotherms.  Its  theory  is 
instituted  on  the  scluticn  cf  the  steady-state  equation  of  thermal 
conductivity  for  the  unliaited  plate  with  isothermal  surfaces,  in 
this  simplest  case  the  prtblea  is  cge-diaer sicnal  and  initial 
differential  equation  takes  the  form 

-Sr  [*<*>-£•  ]+«v=°  (*'») 

Bnder  boundary  conditicns  and  /j  If  utilizing 

conversion  of  Kirchhoff  (1-14) t solution  of  profclen  it  is  possible  to 
find  in  the  form  [1-6] 
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(*>  t,  / r,  \ 

j i(T)dT=  \l(T)dT  - T-  + *(-TT— f(*<n^) 

^1  *1  l| 


T 

r. 


(1-19) 

If  internal  sources  are  absent  Uv=0), the  expression  f.1- 19)  is 
reduced  to  the  fore 


(i-+)  (*<n*r.  O'20) 

r.  r. 


cr 


m-i.  = m£i£!>  (i_  *-V  0-21) 


khere 


i(D<fr 


- the  eean-integral  value  cf  tfce  ccefficient  of  thermal  conductivity 
in  the  range  of  temperatures  T|-T2  and  \c  ( I ^ , T2)  - the  same  for 
interval  of  T(z)-T2. 
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Bron  (1-21)  it  follows  that  in  the  general  case  the  temperature 


distribution  in  plate  is  ncrlicear;  the  factor,  which  determines  this 
nc ^linearity,  is  the  ratio  cf  the  coefficients  cf  thermal 
conductivity,  averaged  in  different  teaperature  intervals* 


I 
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In  the  experimental  eguipeent /devices , which  realize  the  method 
of  flat/plane  isotherms,  calculated  relaticnship/ratios  construct,  as 
a rule,  under  the  assumption  of  the  linear  temperature  distribution. 
In  this  case  arises  a question  concerning  tie  determination  of 
reference  temperature  T0,  by  which  must  be  ascribed  the  obtained  from 
experiment  value  Xp. 

If  q - measured  in  experiment  heat-flux  density,  them 

(1-22) 

It  is  easy  to  show,  for  exaiple,  that  in  the  case  of  the  linear 
dependence  of  the  coefficient  cf  therxal  ccrductivity  the  reference 
temperature  is  equal  to  mean  arithmetic  frci  Tj  and  I2,  i. e. , 

1*-  (TleT2) /2.  A comparatively  weal  change  in  the  coefficient  of  the 
thermal  conductivity  of  the  majority  of  materials  (especially  in 
high-temperature  range)  makes  it  possible  tc  use  extensively  a linear 
approximation  and  to  relate  the  obtained  in  experiment  values  to  mean 
temperature. 

The  theory  presented  is  the  first  ap p I cxi nation  in  the  theory  of 
the  diverse  versions  of  the  methods  of  longitudinal  heat  flux,  in 
detail  examine/considered  in  Chapter  4. 


let  us  examine  the  most  important  special  feature/peduliarities 
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of  the  solution  of  stationary  problea  whe*  frv^O.  Its  special  case 
is  the  electric  heating  with  ekich 

*"•[("£■)  +(■£)  + (■£■)']•  (,'23) 

where  * - electrical  conductivity  cf  material;  v - electric  potential 
at  the  particular  point  cf  body. 

Fundamental  research  of  this  versioq  conducted  Kohlrausch  [1-7].  ' 

la  view  of  the  importance  of  his  work,  which  aarked  the  beginning  of 
the  series  of  the  precision  expedients  of  the  thermal  conductivity 
cf  metals  and  alloys,  we  will  allow  ourselves  tc  recall  the  Bain 
torque/aoaents  of  his  reasetings. 

Page  14. 

The  initial  efuatica  cf  the  thermal  conductivity 

divlgradr+cr-O,  (1-24) 

where  qv  is  determined  from  (1-23),  is  supplemented  by  the 

tequiMment  of  the  absence  cf  internal  current  sources,  which  is  ' 

record/written  in  the  ferm  cf  the  equation 

divf=0,  (1-25) 

I I 

where  i - a completeness  cf  electric  current. 

I 

I J 
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Tailing  into  account  Chm's  law  ix  = —aJlL  eqmation  (1-25)  can  be 

dx 

written  in  the  fora 

=0  (1-26) 

v ‘ox  ax  ' ay  Oy  ' di  d z ' ’ 

If  heat-  and  elect lical  conductivity  depend  only  on  temperature, 
then  the  derivative  of  the  corresp ending  parameter  on  coordinate  can 
te  represented  in  the  fcri  of  the  product  cl  the  gradient  of 
temperature  and  temperature  coefficient  of  this  parameter.  This  makes 
it  possible  to  obtain  the  resultant  expression  for  equation  (1-25): 

<|27> 

Equations  (1-24)  acd  (1-27)  with  the  acditicq  of  boundary 
conditions  completely  determine  prchlea. 

further  conversions  of  Koblracsch  are  connected  with  the 
introduction  of  special  requirement  for  boundary  conditions.  Without 
examining  any  concrete/specific/actual  form  of  conductor,  Kohlrausch 
requires  so  that  the  isepotential  surfaces  cf  irput  and  output  of 
current  from  conductor  would  be  isothermal  by  surfaces.  All  the  other 
surfaces  must  be  a diabat ically  isolate/insulatc d.  In  this  case  it  is 
possible  tc  show  that  and  within  conductor  the  coincidence  of 
isopotential  and  isothermal  surfaces  will  be  preserved,  i^e.. 
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temperature  mill  p roject/emerge  oniy  as  function  of  potential. 


This  position  is  expressed  in  the  fori  cf  two  equations: 

dT  dT  do  , \ 

dx  dv  dx  ’ 1 


in_ d*T_  ( do  y ■ dT  a» V 

dx1  do * ^ bx  ) ' dv  ' dx' 
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Btilizing  (1-28)  and  talcing  into  account  (1-27)*  initial 
equation  (1-24)  can  be  led  to  the  fore 

(1'®> 

in  the  obtained  eguaticn  cf  coordinate,  they  are  absent. 
Position  (1-28)  render/showed  the  case*  satisfying  eguation  (1-24). 
For  the  conductor,  heated  by  electric  current,  temperature  state 
under  Kohlrausch's  boundary  conditions  depends  not  on  X on  a 
individually,  but  on  the  relation  of  these  two  values.  Integration 
(1-29)  gives  the  eguaticn 


J ±-dT=--±*-\-Av+B, 


constant  of  which  they  can  he  determined  free  bevndary  conditions. 
Thus,  for  instance,  if  are  known  the  temperatures  and  potentials  in 
three  points  (linear)  of  conductor,  then  solution  is  converted  to  the 


form 


r 
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c,(rt-r.)(A^+P((ri_rj)^  + 

’f0‘(r'~r,)("^)..t  * T ~ -cj (1-3J) 


-here  ("t),.,  “ f.-f,  f i ^ 


and  so  forth. 


Jf  the  experiment  is  supplied  then  so  that  the  distances  between 
points  and  the  temperatures  in  extreme  points  wculd  be  identical, 
then  expression  (1-31)  will  take  the  especially  staple  fora: 


1 v* 

x-sr 


(1-32) 


Mere:  AT  - difference  in  the  teapeiatwres  between  extreme  and 
■ jdpcicts;  V - potential  drop  between  extern*  prints;  (X/o)c  the 
average  value  of  the  relation  of  the  values  of  heat-  and  electrical 
conductivity  in  the  range  of  temperatures  AT. 


The  construction  of  the  experiment,  instituted  cn  relationship 
(1-32),  is  determined  by  the  possibility  of  the  practical  realization 
cf  the  special,  sufficiently  rigid  boundary  conditions:  the 
isothermicity  of  contact  surfaces  and  the  adiabatic  insulation  of  an 
entire  remaining  surface. 


I 
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Their  execution  in  practice  is  con jugate/acabined  with  considerable 
difficulties. 

However,  In  aany  instances  the  specific  system  of  corrections 
lakes  it  possible  to  utilize  a remarkable  scluticn  of  Kohlrausch, 
also,  during  divergences  frci  the  conditipps  of  the  exaniaed  by  it 
prablei.  As  we  see  further,  this  solution  lay  as  the  basis  of  many 
practical  methods  with  the  aid  of  which  it  was  possible  to  obtain 
precision  data  in  sufficiently  wide  teaperature  range. 

EFFECT  OF  RADIANT  LOSSES  DUIING  THI  HEASUBIf  ENT  OF  THE  COEFFICIENT  OF 
THIRM1L  CONDUCTIVITY  BY  KOBLRACSCH'S  HB1H0I. 

Kohlrausch's  relat ionship/rat ic  (1-32),  aritten  in  the  fora 

Tm 

J \f  dr  — -jp  /•*»,  (1-33) 

where  p - the  resistivity  cf  conductor;  R - cciplete  value  of 
electrical  resistance  between  two  eguipotential  surfaces  (coinciding 
with  isotheraal  ones  with  teaperature  70)  cf  the  conductos  of  any 
fora;  I - the  full  current,  which  passes  on  it,  and  Tm  aaxiaun 
teaperature,  it  can  be  expressed  in  specific  differential  fora. 

It  is  real/actual,  it  differentiated  (1-33)  on  I*  and  examining 
derivative  under  condition  I*->0,  we  will  obtain: 
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»w-(isiL)r^.  f dfjJwu  (,94) 

la  expression  (1-34),  obtained  by  for  the  first  time  pains  ones 
[1-8  ]r  x2  and  xt  - longitudinal  coordinates  of  cylindrical  conductor, 
which  have  the  constant  temperature  T 0 , H0  - impedance  of  the 
conductor  between  this  by  points  at  condition  l(x)=T0-  Indices  0 and 
k with  derivative  <rrm»u «)  indicate,  in  tfe  first  place,  that  the 

value  of  the  latter  is  tndertaken  with  1=0,  and,  in  the  second  place, 
that  this  value  is  obtained  under  conditions  of  ideal  experiment 
(according  to  Kohlrausck),  by  whom  the  floating  surface  of  conductor 
dpes  not  have  heat  losses.  Let  us  assume  further  that  the  conductor 
with  Current  is  placed  into  vacuum  chamber  with  temperature  T0,  equal 
to  the  temperature  of  conductor  in  points  xt  and  xe.  Assuming  that 
the  surface  of  conductor  is  much  less  than  the  surface  of  the 
earner a/chamber,  expression  for  radiant  losses  can  be  written  in  the 
form 

d-35) 

where  * - constant  of  stefana  - Boltzmann's  law; 

£ ■**  hemispheric  integral  emissivity  factor  of  conductor. 
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In  work  [1-8]  it  was  shown,  that  under  the  foraulated  above 
boundary  conditions  the  calculated  relationship/ratic  for  the 
coefficient  of  thernal  conductivity  can  howl  fccnd  in  the  following 
fern: 


Mr.) 


( 


i 5~ 


I ' *i  » 

'r,  8 * I dtjd(n)\^ 


»• 


(I-S6) 


where 


index  r means  that  the  corresponding  values  of  the  entering  the 
fornuia  values  are  related  to  the  conditions  of  real  experiaent.  In 
expression  (1-37)  d,  the  diaaeter  cf  cylindrical  conductor. 

if  the  real  experiment  is  processed  oi)  Kohlrausch’s 
re laticnsh ip/ratio  (1-3fl)#  then  the  obtaiacc  values  of  the 
coefficient  of  thernal  conductivity  will  peeve  to  be  overstated, 
since  aaxiaua  teaperatuxe  Tm  as  a result  of  radiant  losses  changes  in 
dependence  on  current  less  than  in  the  ideal  case,  i.e. 


! I „ (*»  — •*.)’  , 8 w 

'“T  2 — T — "(r.J^T^X 

Xjstbj  J *]’ 


(1-37) 


I 

I 

I 

I 


i 


Broa  the  comparison  of  expressions  (1-34)  and  (1-36)  it  follows 
that  the  d iaension less  quantity  * is  the  ratio  cf  real  coefficient  X 
to  the  specific  from  the  equation  cf  Kchlraisch  coefficient  of 
thermal  conductivity  x*.  i.e. 


.0 

) 

:> 


Value  2 ^ n (r.)  rg  can  be  considered  as  certain  coaponent  of 
thermal  conductivity  x„  caused  by  radiant  lessee.  Utilising  this 
designation,  expression  (1-37)  can  te  written  in  the  fora 


Ixpression  (1-39)  wakes  it  possible  tc  calculate  the  correction. 


which  considers  divergences  from  the  adiafcaticity  of  lateral 
insulation/isolation  during  the  deters inaticn  of  the  coefficient  of 
theraal  conductivity  by  Kchlrausch's  method.  For  the  rough  estimate 
of  the  possible  values  cf  this  correction.  Ecde  proposes  the  special 
telegram,  presented  in  Fig.  1-1. 


3 
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let  us  assume  that  the  length  of  the  working  section  of 
specimen/s ample  x2x1=50  n«  and  its  diaietei  d= 2 mm.  These  data 
determine  the  coordinate  of  the  starting  pcmt  cf  nomogram.  Further 
is  considered  the  temperature  cf  end/leads,  equal  to  the  temperature 
cf  camera/chaaber  T0.  Let  us  assume  it  is  equal  to  400°  K.  Knowing 
farther  emissivity  factcr  ( 6=C.1)  and  measured  in  experiment  value 
■ ' we  find  values  and  through  it  - end  probable  deviation 

»— x,/x»  For  depicted  on  diagram  case  X»  *0.5  «(cn*deg)“»  and  (l— 

V.Sc/f. 


3 

:% 


;> 


Li 


i 


i > 


> 


i 


) 
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Fig.  1-1.  Bode's  nomogram  [1-8]  for  determicing  the  correction  for 
lateral  heat  exchange  during  tfce  use  of  equaticos  of  Kohlrausch. 
1,-Xj  - length  of  the  mcrking  secticn  cf  s f eci nen/sa mple ; d - its 
diameter  T0  - temperature  of  end/leads,  equal  tc  temperature  is 
furnade;  «,  integral  eaissitity  factor  cf  specimen/sample;  *■, 
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— aaasared  in  experiment  (designed  according  to  the  equation  of 
Kohlrausch)  value  of  thermal  conductivity^ 

Page  19. 

1-3.  Stationary  tenperature  distribution  in  rod  with  current  under 
conditions  of  intanse  radiation  heat  exchance  cn  lateral  surface. 

Jn  range  of  the  high-temperature  aeasureaents  of  heat-  and 
electrical  conductivity  the  special  place  occupies  the  problem  of  the 
electrically  heated  conductor  under  ccrditicns  cf  its  intense 
radiation  heat  exchange  with  the  surroanding  space.  Behind  tera 
"intense"  here  hides  itself  the  ccrditicn  cf  a considerable 
difference  in  the  temperatures  between  conductor  and  chamber  wall,  in 
which  is  located  the  corductor.  This  dees  ret  Bake  it  possible  to 
conduct  the  siaple  linearization  of  lateral  beat  emission  and  it 
forces  to  record/voite  differential  eqaaticr  in  the  fora 

O'40) 

where  F and  S - periaeter  and  the  cross  section  of  conductor;  X,  p,  p, 
- in  the  general  case  depending  on  temperature  thermal  conductivity, 
resistivity  and  emissivity  factor  of  aaterial  1 - current;  T0  - 
temperature  of  the  walls  of  vacuum  chamber. 
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Equation  (1-40)  for  essence  its  is  the  equation  of  tke  heat 
balance  of  the  isolated  cell/elenent  cf  concuctcr,  written  on  the 
assumption  that  the  value  cf  the  radial  teaperature  distribution  in 
the  cross  sections  of  conductor  can  be  disregarded. 


The  tesperature  distribution,  described  by  this  equation,  was 
examined  ir  sany  works  [1-9-1-15].  The  aost  thorough  investigation  of 
this  prcbles  is  aade  Dzhayn  and  Krishnan  [1-11,  1-12].  This  work  has 
fundamental  value  for  tbe  whole  direction  cf  experimental  methods,  in 
connection  with  this  it  is  advisable  to  present  her 
ccnclmsioq/deri vat  ions  in  sufficient  detail. 

Fage  20. 


If  is  disregarded  the  temperature  dependence  of  the  physical 
coqstmnts,  entering  equation  (1-40),  then,  as  is  known,  its  solution 
under  the  boundary  conditions 


•lP 


f =-T.  npw  *=0; 
dTfdx^ 0;  T = T,  i$mx  = l. 


(1-41) 


Key:  (1).  with. 


where  ? - half  of  the  length  of  specimen/saaple,  it  can  be 
represented  in  ths  form 


x 


dT 

|a  (T*  — Tj ) — Mr  — T i)) 


ITT* 


(1-42) 


*QC  ^ 78133101 


PACE  33 


where 


2 Ptt 

a = ”5  J3“  ’ 


4.  2/v  , 2/v.rJ 

‘’-TT.'i r? — . 


• - temperature  at  the  end/lead  of  the  rod;  in  the  particular 
case  it  can  be  equal  to  0 or  T0. 


It  is  impossible  tc  present  integral  (1-42)  in  elementary 
functions.  However,  integrand  can  ke  expanded  in  the  convergent  power 
series  and  to  integrate  it  piecemeal. 


lefore  approaching  toward  exparsicc  (1-42).,  let  us  find  the 
re laticnship/ratio  between  current  and  temperature  Tm  in  the  middle 
cf.  infinitely  long  wire  in  the  for* 


P.o  (T-r)  = /•_£_. 
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Let  us  note  that 

I *♦00 

Fr«a  relationships  ( 1-4 3)- ( 1-45)  it  follows  that  b'a=5T*  and, 
therefore,  (1-42)  can  be  written  in  the  fori 

x Va  —|l  57^(7 , - 7)  - (7^-r)]' 1 5 dT.  (i-46) 


After  accepting  Ti.—  T=t,  w e will  ottaic; 

<•— r,— • 

x\fa  = j (5(T  - r|)  1 + 107^*  - I0rV+ 


(1*47) 


i.e.  the  teeperatare  distribution  was  deteriined  only  by  three 
parameters:  T0  Tm  and  a,  which  at  the  giver  lergth  of  rod  2 l and  with 
this  current  I are  constants,  not  depending  cn  i. 

Integrand  can  be  presented  in  the  fora  cf  the  function,  which  is 


4 
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deccapcse/expanded  with  y< 1 in  tha  secits 


Cage  21. 


Values  of  tha  first  tac  aaabars  of  integrand  in  (1-47)  are  equal 


only  when  *«/c  (Pig.  1-2). 


T * — T* 

t ‘ m l 

2T*  ’ 


din d the  sub  of  three  regaining  tens  is  negative  at  all  values 
C<t<t,.  Consequently,  are  possible  two  eetfacds  of  converting 
integrand  (1-47)  to  fori  (1-48):  when  /^/c.  when  t|‘e  first  neaber  in 
(1-47)  sore  the  sua  of  regaining  a titers,  ar.d  when  when  the 

second  neaber  in  (1-47)  aore  the  sun  of  the  others. 


lith  respect  to  this  rod  is  divided  by  two  parts:  range  A, 
arrange/located  in  the  niddle  part  of  the  red,  when  xc<^</  and 

and  range  B,  arrange/ located  cn  the  extreae  section  of  rod, 
when  0^*<*c  and  0 <t^tr  Bach  cf  the  ranees  A and  B has  their 

charadteristic  features  of  the  tenperature  distribution,  [t  is 
logical  that  in  vicinities  /— tc  the  teaperatnre  fields  nust  coincide. 


■ ange  A.  After  aultiplying  beth  cf  parts  cf  equality  (1-47)  on 
[5  (7^  — T^)]1  2 and  after  passing  tc  the  ne«  coordinate  q = £-x,  which 
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characterizes  distance  from  the  center  cf  red  tc  the  point  being 
investigated  with  temperature  t , we  will  oltain: 

i i 

q [5a  (T*m  - or  - J f * (1  0-50) 

where 

»“T(,_Tr+^~i5r)  (I-SI) 

•oreover  y<1  when  These  inequalities  remain  valid  with  all 

pcssible  changes  tc  within  liaits  0 <te^'Ti.  In  particular,  in 
proportion  to  the  decrease  cf  the  length  of  red  value  tc — +-71  as 
fellows  fren  (1-49) , since  in  this  case  Ti  decreases  with 
cc nstant/invariable  Tm 


Pig.  1-2.  Temperature  distribution  along 
conductor  with  current  in  vacuum. 


1 
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In  the  case  of  sufficiently  short  tod  tc>to.  i.e.  entire  rod  cap  be 
lpcathd  in  range  A. 


After  integrating  (1-50)  taking  iqto  account  expansion  (1-48)  in 
a series,  we  will  obtain  the  law  of  the  teiperature  distribution  in 
raqge  A: 


where 


4t 

5»  (72,-7?) 


(1  -s)'. 


(1-52) 


Value  s is  low  and  can  be  considered  as  correction  which  in  a 
series  of  the  cases  can  be  disregarded.  On  the  tasis  (1-58)  it  is 
easy  to  ascertain  that  s has  the  greatest  vtlues  on  boundary  of  the 
region  A,  at  point  t = tc.  Ni  ending  cn  the  length  of  rod,  value  s on 
boundary  of  the  region  A changes  froa  C.1J  in  the  case  of 


i 

> 

; 

j] 
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sufficiently  long  cod  ( tecTt ) to  0-06  in  the  case  of  sufficiently 

short  cod,  when  boundary  of  tie  region  A coincides  with  the  end/lead 
of  rod  (tc—it—Ti).  In  the  internal  part  of  range  A of  value  s,  it  is 
still  less. 


Disregarding  value  s,  it  is  possible  tc  speak  about  the 
guadratic  law  of  the  teiperaturc  distribution  in  range  A: 

q'=  - • (1-54) 

8*  (7 l-T*,) 


One  should  focus  attention  on  the  fact  that  during  the  use  of 
foraula  (1-54)  of  the  quadratic  law  cf  the  temperature  distribution 
for  the  experimental  deters ination  of  the  coefficient  of  thermal 
conductivity,  entering  in  a,  the  error,  corrected  with  neglect  of 
value  s,  is  doubled. 


Temperature  interval  tc  of  range  A is  determined  in  (1-49)  and 
depends  only  on  the  difference  between  acd  T{  ■ It  is  easy  to 
calculate,  that  a temperature  drop  on  boundary  cf  the  region  A 
approaches  zero  for  a long  specimen/sample  when  TL  and  it 
grow/rises  to  in  the  short  rod,  uhicb  coincides  along  the 

l«9gth  it  is  accurate  with  boundary  cf  the  regicn  A,  when 

_t_ 

Ti/rm=  (1/3) 4 -0,76.  hitih  further  increase  of  ranee  A value  Can 


» 


grow/rise  unlimitedly 
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binear  interval^  in  range  A can  be  deterained  from  (1-49)  and 
(1-54).  With  constant  a it  depends  only  on  saxiiua  tenperature  Tt  in 
tha  aiddle  of  the  tod: 


It  is  easy  also  to  calculate,  that  vitl  the  constant/invariable 
current  when  =const,  the  length  of  quadratic  zcne  changes 
insignificantly  in  proportion  to  tie  shcrtering  cf  speciaen/sample . 
It  increases  froa 


fpr  an  infinitely  long  e peciaen/saaple  to 


, = /=  33/*  f 


, / 2 \l/J 


i.e.  4°  all  1.6  tiaes.  Vith  further  shortening  of  specimen /saaple, 
range  A can  considerably  overlap  its  length*  (qc >!)■ 


It  is  interesting  that  for  such  very  short  rods,  heated  by  heavy 
current  («?•),  value  s in  (1-52)  bcccaes  real/actually  negligible  in 
ccaparison  with  1.  After  substituting  /“T*  in  (1-54),  we  will  obtain 
the  relaticnship/ratio  between  the  length  of  short'  rod  and  its 


■axiaaa  tenperature  ~f.! 

r= 


0-56) 
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y 

During  the  decrease  of  the  length  cf  red,  value  7^  at  certain 

y 

stage  uill  becone  negligible  in  ccnparison  vithT^  and  (1-54)  it  is 
converted  in 

0-57)  . 

i.e.  in  this  case  the  ccrves  of  distrituticcs  t according  to  q becone 
equidistant.  After  substituting  in  (1-57)  values  a from  (1-43)  and 
7^fr?n  (1-45),  it  is  easy  to  ascertain  that  is  obtained  a special 
case  of  the  solution  of  Kohlrausch. 

Page  24. 

Range  B.  After  multifl  jing  both  of  parts  cf  equality  (1-47)  on 
(10T3|)*^*,  ve  will  obtain: 

xflOaT3'  )IJ  = J'-‘(l+-r- 7T+ 

i l c f \~m  JA 

dt ■ (1_58) 

Rhen  f >f<i  one  in  integrand  is  greater  than  the  sun  of  renaining 
terns*  This  nahes  it  possible  tc  use  resolvticj  in  the  fora  (1-48). 
After  renoving  for  brackets  fren  integrand  (1-58)  value 


EOC  - 78133101 


PAGE  41 


s*=i  + -r’ 


(1-59) 


Me  Mill  obtain 


j- 

jctiufl/, r = [ (gt)~l(i—y i)  dt • 


■(lOaf,)'13  = j 1 


(1-58.) 


where 


l / /.  f*  | /*  \ 

y‘  «*  (T  Irf--*"  lorj  ]’ 
also,  after  resolution  in  the  series 

jc(10b7^  )wj  = J^-(i  + -J-v.  + t*'! +-nr »!+  • • j dt- 

(1-60) 

After  integrating  (1-60)  ficceieal,  Dabayn  and  Krishnan  found 
solution  in  the  form  of  the  sub  of  three  ccrverging  series: 


Jf (I0a7^ ),,a  = (f/_f_ |/_(_  W]^\  (1-61) 


where 


U~lnt  + 


1207? 


r -} 


; (1-62) 


v=2i.,g+,)+j-(-L...±hi±]_y. 

c ( ' I ! l 8 “5  i <; + 1 \ . 

2 T]  \2g  ^ 2jr»  ' 16  '*>_  l 30  ln  • (1-63) 

W (l  — 1 ) 1 /ill  7*  \ 

W~-  2 r,  (,  + ^fT — 155f  -)•  (|-64> 


r - 1 
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! * 

the  obtained  expressions  lake  it  possible  to  assert  that  the 
teapecature  distributioc  in  range  E can  be  calculated  with  the 
desired  degree  of  accuracy. 

Solution  considerably  is  siaplified  in  the  very  iaportant 
special  case  when  the  length  of  rod  and  respectively  Ti — ►7'm,  tc — K) 
and  g-M. 

Under  these  conditions  series  V and  H approach  zero  and  (1-60) 
is  reduced  tc 

jc  ( I OoT^  )m  = [U]‘^  T-  = D — 

I -['°l+Tt('+Tb-zk— •)]•  c-65' 

where  D - constant.,  obtained  frea  the  expression 

Z)— In  Tm — x;  (1-66) 

here  x * 1/2  ♦ 1/16  - 1/240  .... 

In  the  range  of  change  in  the  teaperetures,  where 

| ' (1-67) 
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expression  (1*65)  is  reduced  to  the  knesn  expression  of  the  fore 

x\TA=D  — in/,  (1-68) 

describing  tesperature  field  it  lepg  wire  rear  its  average  zone.  The 
analysis,  carried  out  by  Cxhayn  and  Krishnar  sade  possible  to  not 
only  rate/estieate  the  limits  of  tie  applicability  of  calculation 
formula  (1-68)  and  to  give  tc  it  ccrrectioas,  bet  also  to 
analytically  express  constant  D(  which  to  those  pores  was  not 
defined. 

In  practice  usually  are  encountered  the  aeasurenents  on  the 
wires  the  temperatures  cf  end/leads  cf  which  are  maintained  by  the 
equal  cnes  tc  certain  ft/O,  where  a , in  particular,  roos  temperatures. 
After  replacing  upper  integration  lisit  in  (1-6  5)  on  — o,  we 

will  obtain  important  fer  practice  expression  fer  D in  the  form 

D=ln(,+  -a^+-jT— ~ r (1-69) 

Cage  26. 


t 

t 
♦ 
% 
♦ 

» 


i 


Hith  9=0,  as  can  easily  be  seen,  (1-65)  it  t re nsfer /con verts  in 
(1-661.  It  is  interesting  tc  note  that  for  final  rods  with  Tt<.Tn  the 
temperature  field  within  the  limits  of  range  E differs  little  from 
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the  f^eld  of  the  infinitely  long  s peciaen/s a op lc , heated  by  the  sane 
current.  Of  this,  it  is  easy  tc  be  convinced  via  the  analysis  of 
integrand  G>  in  (1-46),  which  characterizes  the  gradients  of 
teaperatures  along  the  axis  of  the  rod: 


Y 5r< 

1 ST  T \Tn 

lv= 

This  fact  is  allowed,  without  coapleting  large  errors  to 
rate/estiaate  the  length  of  range  E cn  fcraula  for  infinitely  long 
red  (1-65)  : 

(1-70) 

The  coaaon/general/total  halflength  of  the  roi,  heated  by 
elect ric  current,  depending  oa  teaperatoree  Tm  and  Tt  at  condition 
TitT «>0.76  can  be  calculated  as  sua  xe  (1.7C)  aad  9t  (1-55): 


/ (I0a7^ ) T(ln r*m  + 


*cr  r,/r«<(l/3) ' *0.76  the  length  of  rod  deterained  was  in  (1-56). 
Page  27. 

Account  of  teaperatore  coefficients.- 
If  A-a,(n.«4T ‘ 

*"  ^ .Mi*  _ ..  1 


f-nH+MT-fjl;  _ 
• -vi(i+t(r-rrf).  I * 
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where  Xt.pi.ei  the  value  cf  tie  physical  parameters  at  teeperature 
Tk  and  m,  fi,  6 - their  tespcraturc  ccef ficicrts,  then  differential 
equation  (1-40)  after  Hofcld  integration  is  reduced  by  analogy  with 
(1-471  to  the  expressict 


Va. 


4-Tf 

! 


1 — mi 


dt. 


(1-73) 


The  physical  parameters,  brought  tc  value  a,  arc  related  to 

_ /«  /«  v 1/4 

tespexature  T,.  and  Tm  = f — -7557)  ; 

./W  2aj*  a,t‘  att*  .*,(•  a,P  1 

0-s<[ri-r?  + r?(Tr-7r+ir-^r+^-^rjj 


where 


(1-74) 

- T I4  +(■  + «)!■,-(.  + f)  T*J1*  + (|-l)  rj/rf); 

«.=*  ■g-l6  + 4(«  + «)r,  + «47-*-«pr;/7f  +«(P-#)7^r»); 

«.=  }|H6(«  + l)r,  + W^]; 

*,~l+4(«+d)  T,  + 6o*7f  ; 
a.-(.  + *)rl  + 4«l7t; 

•.-•*7? 

<1-75) 


they  are  constants. 


In  the  case  e=^=««C  coefficients  aa-at*aa«a4*1,  a,*aa*0  and 
(J-741  it  is  reduced  to  expression  (1-47)  * as  one  would  expect. 


in  the  case  of  infinitely  loag  rod  <r,-rm)  equation  (1-73)  is 
reduced  to  fore 


* (IQa  « )lft~ 


/•t1  (£) + *■  (£)’+*•  {£)'  +*•  (t)’+ 


-•i\A 


«•(* 


vhcra 


*•—“5 ilfir* 


Page  28. 


After  expanding  integrand  in  [peer  seiias  (1-88)  and  after 
integrating  it  pieceaeal,  it  it  possible  tc  obtain  the  dependence, 
which  characterises  tenperatece  field  is  the  infinitely  lpng 
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conductor,  heated  by  the  cicrent: 

*(10fl  a.li,  ),/J  - In  Tm  + JJ  A,  - [ In  t + J A,  (£)*].  (1-77) 

jjh  £.Y  d-  A‘  = -('T  + ',r-)  : xf  + ):  | 


A =-  7T  - »*  «r,  + »,«r„  - »,  - »*). 


(1-78) 


In  the  particular  case  a=f=6-0,  14,  ia.  A3,  are  reduced 
respectively  to  1/2,  1/16,  1/2U0,  !«-■  and  <1-77),  it 

transfer/ccnverts  in  (1-65),  as  one  Mould  expect. 


In  such  a Banner,  as  it  fellows  from  (1—77),  the  account  of 
teepecature  coefficients  is  led  first  cf  all  tc  an  increase  of  the 
integration  constant  x in  (1-66)  by  value  ZA,— x-Ax.  As  show 

calculations,  value  Ax  for  a number  of  setals  vary  within  the  range 
of  0 to  1.  In  particular,  for  the  idealized  aetal  value  Ax  =o.  52. 
Furthermore,  near  the  end/leads  of  the  heated  by  current  rod,  i.e. , 
with  saall  x,  will  manifest  itself  the  effect  cf  terns  (1-77),  of 
including  t.  However,  the  ccmacn/general/tctal  effect  of  the 
tenperature  coefficients  of  tbe  physical  parameters  both  in  the  case 
cf  infinite  rod  and  in  tbe  case  of  range  B cf  final  rod  is  reduced  to 
an  increase  in  length  x at  the  low  values  cf  t cn 

Ax-(«-E-/()(10flrJ,)-T.  (1-79) 

lithin  the  limits  cf  range  1 cf  final  rod,  the  introduction  of 
temperature  coefficients  did  net  irfluence  the  general  view  of 
formula  (1-52),  but  pronounced  only  in  an  irsignif icamt  change  in  the 


J 

> 

1 

I 

* 
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:> 
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V 
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small  ccrrection  s (for  the  value  cf  crder  i+«M 

Thus,  carried  out  by  Dzhayn  and  Krishncn  tie  analysis  of 
temperature  field  along  the  length  of  wire,  heated  in  vacaun  by  the 
passing  electric  current,  showed  fcllcving: 

1.  The  temperature  distributicn  alcng  icd  can  be  represented  in 
the  form  of  converging  series  and  is  calculetcd  with  any  desired 
degree  of  accuracy. 

2.  Are  most  characteristic  following  fcras  cf  temperature 
fields:  logarithmic  (1-65)  - for  infinitely  lcnq  conductor  in 
temperature  range  t (In  t)~*«2'l/n  and  parabolic  (1-52)  - for  middle 
part  (range  A)  of  final  rod. 

Fage  29. 

3.  Within  limits  of  logarithmic  and  quadratic  temperature 
fields,  effect  of  temperature  ccefficiects  cf  physical  parameters 
(thermal  conductivity,  electrical  resistamce  and  eaissivity  factor) 
is  completely  insignificant  and  easily  is  considered. 

The  results  of  the  analysis  of  Dzhayn  end  Krishnan  in  recent 


La 


I 


years  were  used  for  developing  a series  of  procedures  on  the 
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investigation  of  the  tberial  conductivity  cf  letals  in  the 
temperature  range  of  10(C-3C00o  K. 

Those  obtained  relationships  (1-56),  (1-65),  (1-69),  (1-7  1)  and 

(1-79)  between  the  length  of  red,  its  physical  parameters  and  the 
■axiaua  temperature  in  center  are  extreaely  useful  during  the 
coQstruction  of  installat iers  and  iostruaerts  with  the  wire  or  rod 
heaters,  working  under  ccnditicns  cf  intense  beat  exchange 
ea issicn/r adiat ion . 

lode's  method. 

Recommendations  to  experimenters,  placed  in 
conclasion/derivat ions  cf  Krishnan  and  Ezhayn  dc  not  exhaust  all 
possible  versions  of  the  systexatic  methods,  which  allow  from 
information  about  temperature  field  in  conductor  with  current  to 
extract  the  coefficient  cf  theraal  conductivity. 

The  original  way  of  converting  the  initial  equation  of  the  case 
in  question  proposed  Bode  with  cne  cf  the  particular  results 

cf  woEk  of  whom  we  were  introduced  above.  Its  approach  is  instituted 
cm  combined  analysis  of  the  series  of  statiegary  temperature  fields, 
which  correspond  to  the  different  values  of  the  feeding 
spaciaen/sample  current. 
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let  us  examine  the  basic  torg ue/mc xents  of  this  original  work. 
Just  4s  Krishnan  and  Dzhayn,  Ecde  examine  one- d imens  ional  Bode 
examines  the  one-dimensional  problem  of  the  stationary  temperature 
state  of  the  fine/thin  conductor,  heated  by  current  and  placed  in 
vacuum  chamber.  The  temperature  of  the  latterT^  in  the  process  of 
experiment  is  constant  lower  than  the  temperature  of  conductor. 

Initial  differential  ecuation  here  is  reccrd/wr itten  in  more 
general  form,  namely: 


fi-so) 

Here 

/ <*)-■£-.  e(T)= 


p - specific  impedance;  S - the  cress  secticn  cf  conductor 
specific  heat  losses  frem  its  lateral  surface. 


P 


Page  30. 


This  form  of  eguaticn  considers  temperature  dependence  not  only 
p and  but  also  the  geometric  dimensions  cf  conductor.  Further 
analysis  is  conducted  ic  ccrnection  with  the  boundary  conditions  of 
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ccfstant  temperature  T0  at  points  x,  and  x(.  The  author  shows  that 


with  this  between  by  points  x,  and  x2  is  possible  only  one  extremum 


teapexature  curve,  that  depending  cn  the  current  strength  I value  of 


■axiaaa  temperature  T*  can  be  both  less  and  is  sore  T0 , and  finally 


that  it  the  specific  strength  cf  current  1*10  the  teaperature  over 


entire  length  of  cut  X|-x2  is  constant  and  tgual  to  T0.  Taking  into 


account  the  symmetry  of  the  teaperature  d it tr i tot  ion , it  is  possible 


to  obtain  the  first  integral  of  equation  ,(1-80).  in  two  forms: 


(*~£)r (141) 

(■*  “S  )«,  “ TJ  t7*/  <T>  — « (D1  rfJt-  (1-82) 


Prom  last/latter  equation  escape/ensues  the  important  result:  in 


the  iaplenentation  of  ccnditions/mode  with  current  I0,  its  left  side 


turns  into  zero,  but  intagrand  becomes  not  depending  on  x;  then 


*(T,)  = #(r.). 


(I-«S) 


During  experiment  this  conditicns/mode  gives  information  about 


the  value  of  specific  lessee  from  lateral  surface.  Further 


pr ccess/operations  consist  into  searching  for  values  of  derivatives 


cn  current,  undertaken  cf  expressiegs  (1-81)  and  (1-82)  in  points 


I»I0  a nd  a nd  the  analysis  of  the  equality 
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(»!-£-),  “S.-Jr  (*■£),•  <l'84> 
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is  considered  also  the  thermal  expansion  cf  the  condector 

[4t-  <*.  - ],.)(-3r),.  ix 


and  change  impedance 


dx  vith  the  anzcent 


(^),~ i(*.-ir.irT'^]('^)/.djc'  (1'86) 


Here  (X2-xt)d  - distance  between  two  point*  in  the  isothermal 
states  !(•*,  — *,)Jr#  - the  same  after  establishment  along  the  length  of 
the  wfrking  section  of  temperature  l0. 


Is  utilized  also  the  expression,  which  ensues  from  (1-83) 


Taking  into  account  the  relat iensbip/xatios  indicated  eguality 
(1-84)  leads  to  following  expression  for  the  coefficient  of  the 


thermal  conductivity: 


r, 


r (W),.  l* 
l1-  dTJiT,' \ 
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Here  0o=BoIo  ~ potential  difference  in  the  conditions/mode  of 
isothermal  heating. 

One  should  note  the  strictness  of  expression,  any  siaplifying 
assumptions  about  the  tenperature  course  pf  the  properties  of 
naterial  and  radiation  losses  it  was  not  mace. 

During  experimentation  for  a number  of  the  values  of  temperature 
at  the  end/leads  of  the  vetting  cut  T0,  it  is  necessary,  by  changing 
current  I,  to  measure  depending  on  it  the  appropriate  valves  of 
■aximva  temperature  7^?  (?)  and  inpedance  cf  section  R(I).  Hence  it  is 
possible  to  find  the  necessary  derivatives  and  to  construct  the 
curves  T0 (I0)  and  B0(I0). 

It  is  interesting  to  note  that  calculated  relationship/ratio 
( 1—88).  does  not  change,  if  into  initial  differential  equation  is 
introduced  member  - 1 r/S  (dT/dx) , the  considering  Thomson's  effect 
(t  - Thomson's  coefficient).  This  is  strictly  shovn  to  Bode  in  work 
C1-17J. 
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1-9.  ise  of  radial  heat  flux  for  tfce  investigation  of  the  coefficient 


cf  thernal  conductivity. 


The  differential  equation,  which  describes  stationary 


temperature  field  in  the  wall  cf  cylinder  ic  the  absence  of 


longitudinal  heat  flow  in  the  case  of  isotropic  material  and  action 


of  internal  sources  of  teat  (qv> 0),  is  record/ written  as  follows: 


3r]  + *v  = 0. 


let  us  examine  the  solution  cf  protlet  under  the  boundary 


conditions 


r = r,;  T = Tt  -, 
r = r,;  T = 7",. 


Using  the  conversion  of  Kirchioff 


A=  fl(7*)d7\ 


equation  (1-89)  can  be  written  as  fellows: 


7~‘ i(r'7F')+^=“0-  (,*92) 

The  general  solution  of  this  equation  is  represented  by  the 


expression 


A = C lnr  — 


(1-93) 
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After  determining  constants  C and  E frc«  boundary  conditions 

(1-90>,  it  is  possible  to  obtain  this  solution  in  the  for*  (with 
9r  —const) 


or  wi|h  the  lower  liait  of  left  integral,  equal  to  Ta, 
Tr 

I1"* 


T. 


1 hi  {r/rt)  _ 

ivT\  i •* 

“ 4 \T 

(1*95) 


Page  93. 


Brea  equations  (1-S4)  and  (1-<55)  it  fellows  that  in  the  sinplest 
case  in  the  absence  of  internal  soerces,  i.e.#  when'  qv  = 0.  and  the 
constancy  of  the  coefficient  of  therial  coccuctivity  V the 
teaperature  field  in  cylinder  behaves  loth aritbiically - In  the  case 
of  the  dependence  of  the  coefficient  of  theraal  conductivity  on 


I 
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temperature  this  dependence  the  aoie  pcwerftl  differs  froa 
logarithmic,  the  greater  temperature  ccef t icients  X. 


1 


Utilizing  law  of  scan  eguatier  (1-94J  it  is  possible  to  write  in 
tha  fera 

where 


r. 

T^r\x(T)dT; 

r. 

T 

icp,=  -147r|i(7')  dT. 


(1-97) 


Xt  is  easy  to  show  that  in  the  case  of  the  linear  dependence  of 
the  coefficient  of  therial  conductivity  oa  the  temperature  its 
average  value  in  temperature  interval  Tt— 7\+l  is  equal  to  the  value, 
undertaken  at  arithmetic  mean  temperature,  i.e., 

K,(T,.T,„)=i^  r'  + ;-"  )■ 

Thus,  in  equation  (1-96)  relaticn  Xcpi/aci a is  the  function  of 
teaperature,  which  deteraines  the  distortion  cf  the  logarithmic  law 
of  the  temperature  distribution.  Generally  speaking,  this  is  the 
serious  liaitation  of  the  vetbed  cf  radial  heat  flux  in  its  aost 
widely  used  version:  in  the  case  of  the  complex  temperature 
dependence  of  the  coefficiect  cf  theraal  cc cduc tivity,  we  not  in 
state  to  find  its  true  value.  The  tasic  calculated  relationship/ratio 
of  radial  aethod  easily  is  cbtained  fees  the  jcint  solution  of 
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equation  (1-89)  and  of  equating  Fourier.  Ifcen  qv~ 0 this 


relat jcnship/ratio  can  te  represented  in  the  fore  ' 


>•- tS -issb- 


(«-98) 


Fage  34. 


. I f 

Here  as  earlier:  — U (H dT\  Q-  total  quantity  of  heat, 

passed  through  the  cylindrical  surface  with  the  foreing  length  /. 


The  experiment,  instituted  on  relationship/ratio  (1-98),  assumes 
the  measurements  of  temperatures  at  distances  r2  and  r,  from  the  axis 
of  a cylinder,  of  a sorting  leegth  ^ and  of  the  total  quantity  of 
heat,  transmitted  at  this  length  in  radial  direction. 


In  a number  of  the  cases,  can  prove  tc  be  effective  another 
approach  to  the  constructicn  of  experiiental  procedure  in  radial 
system. 

let  us  write  expression  for  heat  flux  through  the  isothermal 

surface  with  a current  radics  cf  r: 

— 2%rll  (T)  ^=Q.  (,99) 

After  integrating  (1-99)  according  to  the  thickness  of 
specimen/sample,  we  will  cfctaim: 

<1-100) 

ff  in  experiment  is  created 'conditions  fox  maintenance  T*  = 


la 


1 

■ 
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coqsty  then  will  arise  tie  possibility,  utilizing  rules  of 
differentiation  of  definite  integral  with  tie  alternating/variable 
upper  limit,  to  obtain  true  values  of  the  coefficient  of  thermal 
conductivity.  It  is  real/actual. 


£}i(Hjr=»(r,)=J=Jgpi.g.  (uoi> 


In  the  more  general  case  when  tcth  of  integration  Units  change 
during  changes  in  the  heat  flux,  i.e.,  lt^f  (C)  end  t2=F(C)  , by 
applying  the  rules  of  differentiation  with  respect  tc  the  parameter, 
it  is  possible  to  obtaic: 

. (M02, 

In  practice  freguettly  there  is  knevo  the  value  of  the 
coefficient  of  thermal  conductivity  at  lower  temperatures.  In  this 
case  the  construction  of  experiment  cn  the  tasis  of 
relaticnship/ratio  (1-102)  is  especially  effective. 


Page  35. 


bet  us  exanine  more  common/general/total  problem.  If  equation 
(1-891  is  solved  into  assumptions  <?v*const  uncer  the  boundary 
conditions  r=r4;  dT/dr=C  and  r»r*;  T*T*,  »c  will  obtain: 

(1-103) 

whance  it  is  possible  tc  obtaic  initial  relaticcship/ratio  for 
determining  the  average  in  the  ranee  of  temperatures  T2=Tt 
coefficient  of  the  thermal  conductivity 

. Iv'i  r.  /iV  O f 'xA'i.  Zi  1 a ai \ 


r i 
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In  the  general  case  Vrvfcconst.ai pee  electrical  conductivity  of 
naterials  as  their  therial  conductivity,  defend*  on  temperature.  In 
this  case  teaperature  field  is  described  by  icre  coaplex  laws.  j 

One  of  versions  of  the  scluticq  of  eqaaticr  (1-89)  taking  into 
account  the  variability  cf  heat-  and  electrical  conductivity  proposed  { 

1.  V.  Pustogarov  [ 1-18].  After  introducing  the  function  of  thermal 
conductivity  and  after  assuiing  linear  connection  between  ^ 

electrical  conductivity  and  function  of  the  rial  conductivity,  i.e.,  j 

c-AA+B,  A.  f . Pustogarov  arrived  at  the  following  fora  of  general 
solution: 

A(rt-C/*(*)  + C^(*)--J- 

and 

A (t)-C, /,(«)  + <:•*•<*)— -j-  (1-106) 

for  A>0  and  A<0  respectively.  ( 

In  this  case,  p=r/r2  ~ relative  radius  cf  red,  and  pEr2/X7  ^ 

where  E - electric  intensity;  /,(»)  aqd  rt(\)  * Eeasel  function  of  zero 
erder  cf  the  first  and  second  kind;  /,(V)  and  *<(v)  - modified  Bessel 
f uijcticns. 

| 

i 

I 
i 

I 

J 


During  the  use  of  boundary  first-order,  conditions  the  solution 
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cf  problem  for  a rod  with  current  is  represeqted  by  the  expressioq 

A(p)-<A,+B/4)/*M-*M.  . n-,07> 

and  for  a current  density 

>(p)W^.(v).  (no*) 

where  j0  - current  density  cn  the  axis  cf  red. 


Knowing  the  function  of  theraal  conductivity  A and  using 
(1-103),  it  is  easy  to  find  the  racial  teaperatare  distribution. 
Curing  the  organization  of  the  corresponding  experiment,  one  should 
coqsider  the  character  cf  current  distribution  with  the  aid  of  the 
systea  of  the  special  corrections. 


instituted  cn  siailar  solutions 


Chapter  Two 


HFTHOIS  OF  THE  STUDY  OF  HIGH  TEMPERATURE  FIELDS. 


5-1.  Gases  of  pyrometry. 


Fcr  the  exaaine/considered  by  us  tasks  cf  experimental 
theraf physics  vital  iapcrtance  has  the  correct  organization  of 
teapecature  measur eaent s . 

The  deteraination  cf  tie  coefficient  cf  thermal  condactivity  in 
statipnary  tasks  is  iapcssikle  without  the  iqfcraaticn  about  the 
distribution  of  the  temperatures  in  speciacn/sat pie,  which  make  it 
possible  tc  calculate  tie  field  cf  teaperattre  gradients.  The 
experimental  deter ainaticn  cf  another  property  -the  resistivity, 
which  substantially  depends  on  teaperature,  is  conducted  on  the  basis 
cf  inforaation  about  the  electrical  paraaeters  cf  finite  voluaes  and, 
therefore,  also  must  be  suppleaented  by  the  inferaation  about  the 
teapecature  distribution  in  this  vduae. 


Thus,  the  investigation  also  cf  that,  and  ether  conductivity 


EOC  = 78133102  F/GE  X ^ 

Lp  c/' 

types  is  direct-copnecte d with  the  experime t tal  study  of  the 
temperature  fields  in  speciaen/sample,  which  have  now  and  then  fairly 
complicated  configuraticn. 

tet  us  examine  the  kasic  torgue/acments,  connected  with  the 
solution  of  this  important  problem  in  fc igh-tei p erature  range. 

the  high-temperature  zcne  of  international  practical  temperature 
scale  begins  from  melting  point  of  gold:  1 3 27 . Ef °K.  Belying  on  this 
value*'  extrapolation  into  the  range  of  higher  temperatures  can  be 
carried  out  with  the  aic  of  the  Platck  law,  which  connects  intensity 
1 of  thermodynamically  radiation  equilibrium  with  his  temperature  T 
and  wavelength  X: 

i*  <*■«) 

where  c4=  (3.7M13iO . Q0Q2)  • 10  "*  * H«m*j  c,*  ( 1 .4388.10.  0001 J • 1Q~*  m x deg 
1 2—2  l* 

Fundamental  value  for  entire  development  of  technology  of  the 
measurements  of  high  temperatures  bad  the  fact  that  Planck's 
idealized  emitter  (absolute  blackbcdy)  can  he  well  realized  in 
special  eguipment/devices  in  practice.  The  models  of  the  blackbody, 
utilised  for  metrological  target/pcr poses,  are  furnace  with  the  high 
degree  of  iscthermicity  by  working  volume.  Eelcw  we  will  in  somewhat 
more  detail  examine  the  problem  of  the  simulation  of  blackbody  during 


p 1 

DOC  » 78133102  F AG E -40~ 

1/3 

the  study  of  temperature  fields  in  solid  bodies.  Here  follows  to 
emphasize  that  the  techiical  solution  of  the  problem  of  blackbody 
gave  fee  theoretical  formula  (2-1)  the  character  cf  working  tool  for 
organizing  entire  high-temperature  pyrcBetry. 

In  different  pyrometric  equip ment/dev ices  are  utilized  the 
different  consequences  cf  Planck  law.  It  is  possible,  for  example,  to 
construct  measurements  on  tie  basis  cf  radiant  energy,  lost  by  body 
in  any  comparatively  narrow  spectral  interval.  In  this  case  they 
speak  about  optical  pyrometers  dependirg  oq  the  type  of  receiver 
(huaan  eyes,  photocell,  photoresistor,  etc.)  they  can  be  objective 
ones  and  subjective  ones. 

Page  37. 

The  utilized  in  the  industrial  types  of  pyrometers  methods  of 
•onochromatization  are  characterized  by  sufficiently  wide  spectral 
range  with  the  final  coefficient  of  transa issic r.  This  forces  to 
introduce  for  such  instruaerts  the  concept  cf  effective  wavelength 
x.,.Nh|Ch,  generally  speakinc,  aakes  sense  first  cf  all  for  the 
assigned  tine  interval  cf  temperatures  (for  which  it  is  constructed 
the  calibration  of  pyroaetei).  The  signal  ci  instrument  at 
temperature  T,  can  be  written  in  the  fora  cf  tie  expression 

OC 

u(7-,)^  \ /<*,  r,)v\<ft. 


(2-2) 


d 
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where  H - the  spectrum  index  of  the  transmission  of  filter;  - 
receiver  sensitivity  of  the  eaissicn/radiaticn  (function  of 
visibility  of  huaan  eye). 


The  relation  of  twe  signals  u ( T a ) and  u(  1 ?)  can  be  easily 
calculated,  if  are  known  the  corresponding  spectral  characteristics. 
At  the  sane  tine  this  sense  can  be  written  iij  the  fora  of  the  ratio 
cf  the  intensities  of  absolutely  black  emitter,  undertaken  at  certain 
(characteristic  for  this  system)  wavelength;^,  If  is  used  the  formula 
of  wine  [is  disregarded  one  in  dencrinator  (2-1)  ],  then  calculated 
relationship/ratio  for  the  effective  wavelength  of  pyroaetric  system 
can  be  it  will  be  written  as  fellows: 


w 

[/(X,  T,)%xVxd\ 
0 

1 00 

j UK  Tt)xxVxdk 


The  system,  which  is  characterized  thus  such  x.*,  is  considered  as 
quasi-*' ■cnochrcmatic. 


The  study  of  the  reaction  of  acnochroaatic  (or 
guasi-aonochronatic)  pyrcnetric  system  for  tbe  eniss ion/radiat ion  cf 
real  body  forces  to  intioduce  new  concept  - temperature  brightness. 
Beal  gbject  loses  froa  its  surface  smaller  energy  content,  than  the 
absolwte  blackbody,  which  has  the  sane  teaperatrre  T0.  This  fact  we 
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can  express  quantitatively,  after  writing 

Vi  V)  = Vi  (i  T*)<  (2-4) 

where  «*  it  is  possible  to  call/nase  aonacbt caatic  eaissivity. 

fhe  completely  formally  right  side  of  equality  (2-4)  it  is 
possible  to  represent  in  the  expression,  which  describes 
eaiss ion/radiation  the  absolute  of  hlackbpdy,  after  introducing 
certain  fictitious  tempcratcre  r,.* 

V)  " Vi  V)'  (2-5) 

(' 

Eage  38. 

Bquality  (2-5)  is  the  determination  of  teaperature  brightness. 
Its  aperture,  by  utilizing  approacb/approxiaaticn  of  Wierd,  we  will 
obtain : 

~TT;=‘la'i-  TCTT'  (2-6)) 

or 

I 1 , A 

T7"T7 +7rln'*  {2'7> 

In  the  form  (2-7)  te  wrote  the  expression  of  the  actual 
temperature  through  the  brightness,  siqce  usually  precisely  so  will 
cost  task  in  the  measurements:  according  tc  aeasured  temperature 
brightness  T,  and  known  enissivity  «x  to  calculate  the  actual 
teaperature  of  object. 


1 


* 


1 


J 


-i 


Prom  Planck’s  comncn/general/total  fcricla,  it  follows  that  the 
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ratio  of  the  intensities,  undertaken  at  different  wavelengths  X,  and 


Xc,  will  be  the  single- valued  function  cf  temperature  T and  also  it 


can  be  usad  for  the  construction  of  corres pegdi ng  pyrometers.  It  is 


ceal/actual,  in  the  appicacb/approiimatioa  cf  vJ'tK 

Tfenr=«p[-r(x_Tr)]‘  (28* 


The  pyrometer,  instituted  on  equation  (2-8>,  daring  measurements 


for  the  real  objective  will  give  sene  fictitious  temperature,  which 


differs  from  the  thermodynamic  temperature  cf  cbject  T, 


let  us  designate  this  fictitious  temperature  through  Tt  and  let 


cs  call  it  color  temperature.  Its  deter ainaticr  in  this  case  must  be 


the  fqllowing  equality: 


/,(*,.  T, ) y.d,.  T.) 

Mhi  f«)  r.) 


Taking  into  account  (2-8)  it  is  hence  easy  to  obtain 


ccmmunication/connectioE  between  the  true  and  eclor  temperatures: 

ir-r+Tw-'-ifV’  ' 


If  monochromatic  radiation  coefficient  «x  does  not  depend  on 


wavelength  (gray  body),  thee,  as  can  easily  be  seen,  actual 


temperature  is  equal  to  color. 


It  must  be  noted  here  that  the  cclcc  temperature  can  ke  easily 


designed,  if  are  known  the  values  cf  temperature  brightness  r(|  and 


f,,.  which  correspond  to  two  selected  wavelengths: 


r-  or'-v’i 


(2-  ID 
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If  we  integrate  the  equation  of  Planck  for  entire  spectrum,  then 

let  us  arrive  at  the  formula  of  Stcfana  - Ecltzaann's  law 

«» 

J/.(k.  T)d\-tT*.  (2-1*) 

where  e=  (5- 6687 >0-  0010)  • 10— 1 ■ 8/  (a2  •deg*)  • 

Eage  99. 

This  formula  at  the  knewn  teiperature  cf  absolutely  black 
eaitter  T d makes  it  possible  tc  calculate  tke  value  cf  the  specific 
flux  gf  radiation,  which  is  spread  intc  the  benisphere  abpve  the 
cell/eleaent  of  su-rface  in  guesticr. 


It  is  obvious  that  cn  tasis  ccrresponditgl j of  the  organized 
energy  aeasurenents  here  also  can  be  ccnstructed  equipment  for 
teapexature  measurements.  Sc/such  it  is  obvious  that  and  the  here 
constructed  aqd  completely  calibrated  according  to  blackbody 
instrument  during  use  on  real  bodies  will  give  certain  (now  already 
"radiation"  r,)  temperature.  Its  origin  understandable  to  object  with 
temperature  Tp  we  attribute  tke  properties  cf  blackbcdy  with 
tempexature  7y  Thus,  its  duterainaticn  is  connected  with  the 
execution  cf  the  fcllowing  equality: 

(2‘,3) 

where  e - integral  emissivity  factor  of  aatcriai,  whence 

I 


L.. 


r. 


(Ml) 


He  briefly  examined  soae  principles  of  the  application/use  of  a 
FlancK  law  in  pyronetry  and  basic  concepts,  characterizing  noncontact 
teaperature  neasureaents.  utilizing  these  principles,  industry 
developed  at  present  a large  quantity  of  the  acst  diverse  aeasuring 
meters  and  autoaatic  devices  for  mcnitcrinc  and  controls  of  diverse 
technological  processes  [2-3].  Far  net  all  cf  this  arsenal  can  be 
used  in  the  practice  of  theraophysical  experiment,  it  is  still  less  - 
during  the  solution  of  the  probleas  of  the  experimental  investigation 
of  thermal  conductivity  and  teaperature  dependence  of  resistivity. 
Thus,  for  instance,  aajerit)  of  the  produced  in  series  radiation  and 
photoelectric  (brightness  and  color)  pyroaeters  is  designed  to 

ccapaEatively  high  size/ dimensions  cf  service  platforn  of  sighting 

^ £ K «-* <1 1 ,*t ^ Mete 

(FEP-4  - from  3 to  7.5  aa,  about  15  aa  and  sc  forth).  This 

excludes  possibility  frea  use  for  the  analysis  cf  teaperature  fields 
in  the  specinen/saaples,  usually  utilized  ic  experiment.  In  aany 
instances  it  is  not  possible  to  recognize  satisfactory  and  the  value 
of  a basic  error  in  these  systeas  (1-1.5o/c  cf  the  upper  linit  of  the 
sub-range  of  neasureaents). 

The  requireaents  of  teaperature  aaasaccaents  during  bhe  study 
heat-  and  electrical  conductivity  auch  tetter  satisfy  at  present  the 
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speciaen/saaples  of  visual  pyroaeters.  A standard  optical  pyroaeter 
of  the  type  EOP-51  makes  it  possible  tc  work  with  object  by  the 

diaaeter  of  altogether  cnly  of  0.7-C.8  aa  and  provide  the  accuracy  of 

fia.%  ± c -5  ooc"C 

the  aeasureaeqts  of  the  tea peratures:  C.lo/c  tc  2 000°C,  lo/o  to  6 

A 

00 Q°Cw  Precision  pyroaeter  CP-08  provides  tte  accuracy  of 
■easureaents  by  0. 2o/o  to  2 000°C  and  C.5o/c  tc  3 000°C;  ainiaua 
diaension  of  its  working  area  of  sighting  lies  in  the  Units  of 
1.2-1/5  aa.  The  specinen/sasples  of  the  Scviet  licropyrone ters  of 
types  GHP-019,.  OMP-054,  LHP-066  make  it  possible  aeasure  henperature 
cf  zone  up  to  0.1  aa  in  diaseter  and  less*  providing  in  this  case  the 
value  of  basic  error  1-C.5o/c  with  variations  C.2-0.3o/o. 

Page  40. 

Thus,  where  it  is  necessary  tc  aeasure  the  stationary 
teaperature  distribution  with  saxioun  accuracy,  and  where  the 
size/dimensioqs  of  radiating  surface  are  very  snail,  aost  reliable 
instruaent  it  is  now  the  optical  pyroaeter  tith  the  disappearing 
filaaent. 

Photoelectric  systems  aake  it  possible  to  achieve  very  high 
sensitivity.  As  we  will  see  below,  this  is  realized  in  a series  of 
original  ccaparators  of  the  teaperatures  of  two  objects. 
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The  development  of  optical  pyrcmetry  created 
prmreguisite/premises  fcr  the  widespread  in vest igaticn  of 
bigh-fcemperature  thermoelectric  materials  aid  their  calibration, 
fiesult  of  works  in  this  direction  las  the  mcstery/adcpt ion  of  a 
series  of  thermocouples  cn  the  basis  of  the  alleys  of  refractory 
metals  and  combinations  cf  pure  refractcry  metals. 

Cn  the  data  of  work  [2-19]  It  is  pcssikle  tc  speak  about  t»he 
application/use  as  thermocouples  of  <*Uch  combinations  as  tungsten  - 
molybdenum  to  2 400°C  (in  vacuum,  nitrogen,  inert  gases),  tungsten  - 
niofcimm  to  2 000°c,  tungsten  - rhenium  to  2 500°C,  tungsten  - 
taqtalum  to  3 000°C,  tantalum  - molybdenum  to  2 400°C.  The  necessary 
condition  of  the  reliability  of  the  operation  cf  these  vapor  is  the 
maintenance  of  sufficiently  fine  vacuum  (about  10“*  mm  Hg) , of 
neutral  or  reducing  atmosphere. 

Characteristic  ones  for  the  named  thermocouples  are  the 
sufficiently  considerable  scatter  cf  icdiviaual  calibrations  and 
their  lew  stability  at  the  temperatures  above  2 000°C. 

An  improvement  in  the  thermoelectric  characteristics  was 
passible  tc  obtain  for  the  combinations  of  the  alloys  of  refractory 
metals.  Among  them  the  greatest  popularity  they  now  conquered 
compositions  with  rheniem,  in  particular  thermocouple  W - 5o/o  Re/w  - 


1 


' 
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20c/o  Be;  H - lOo/o  Re/S  - 20o/o  R€«  On  the  data  of  work  [2-20]  these 
thermocouples  develop  thermcelectrcmctive  force  respectively  to  29.4 
amd  18.9  mV  with  2 000°C.  In  this  case,  their  sensitivity  changes 
free  14.0  and  10.0  with  100°C  to  11.0  and  7.0  pl/°C  at  2 000®C 
respectively. 

Bor  a work  in  the  carbcn-containigg  media,  are  eore  effective 
molybdenum  fusions  with  rheniua.  nclybdenae  will  Ice  carbidized  less 
actively,  than  tungsten.  The  sensitivity  cf  the  thermocouples  of  this 
greup  is  less  [2-21,  2-22].  Its  maximum  values  are  reached  for 
thermocouple  Ho  - 20o/o  to/ Ho  - 50o/c  Be;  during  changes  in  the 
temperature  from  100  to  1 800°C,  the  sensitivity  changes  from  10.0  to 
4.8  pi/°C  with  absolute  values  thermoelectrcmct ive  force  1.0  and  15.5 
mV. 


thermocouples  from  refractory  metals  made  it  possible  to  raise 
upper  temperature  boundary  of  ther xoelectr ic  method  in  comparison 
with  the  group  of  thermocouples  from  noble  aetals. 

Jf  the  platinum-platinum-rkodiua  thermocouples  cf  types  PR  10/0 
PR  30/6  in  connection  with  the  conditions  cl  tk crmophysica 1 
investigations  can  be  utilized  to  15CC-160C°C  (oxidizing  and  neutral 
media},  then,  let  us  sa),  the  examined  tungsten-rhenium  thermocouples 
can  b«  used  to  2000-250C°C. 
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However,  in  the  majority  of  tfce  cases,  these  theraocouples 
cannot  be  used.  So,  the  reliable  measurement  cf  the  temperature 
distribution  in  speciaen/sauple  is  possible,  strictly  speaking,  oqly 
during  the  conclusion/der ivaticn  of  therao-elec trode  lead/ducts  along 
isothermal  surfaces.  Under  these  cenditioae  is  necessary  b he 
sufficiently  reliable  electrical  insulation  of  separate  electrodes  of 
one  frea  another  and  fre*  spec j men/sai p 3e. 

Page  41. 

Operating  temperatures  ct  mastered  at  presect  insulating  ceramics  are 
limited  by  following  values  [2-23];  oxide  of  aluninu*  of  1900-1950 
°C,  ojfide  of  magnesiua  cf  1 800-1  90G°C,  oxide  cf  beryllium  of 
19Q0°C,  nitride  of  boron  of  2 000-2  20 0°C.  Ihus,  on  the  level  of 
taxinaa  temperatures  thermoelectric  aethod  cannot  compete  with 
optical  pyroaetry.  It  is  noticeably  inferior  tc  it,  also,  on  accuracy 
(in  ccaparison  with  the  best  optical  pyroaeters),  and  on  measurement 
accuracy. 

An  essential  deficiency/lack  in  the  thermocouple  measurements  is 


tha  possibility  of  contaminating  tie  speci  ien/sample  by  the 
iapurity/adaixtures  of  ther ao-electrode  materials  and  insulating 
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ceramics.  Contamin ation  especially  grow/rises  it  connection  with  the 
increase  of  the  chemical  activity  cf  materials  with  the  increase  of 
temperature.  Upon  the  setting  cf  the  high- te mpe tature  precision 
investigations  of  theraal  conductivity  and  electrical  resistance, 
with  the  exception/eliminaticn  of  the  special  cases,  it  follows, 
undoubtedly  to  give  preference  to  the  noijccntact  methods  of  optical 
pyremetry. 

2-2.  Simulation  absolute  cf  fclackbcdy. 


As  it  was  shown  in  the  prece  d ing/prev  icus  paragraph,  the 
definition  of  the  field  of  actual  temperatures  according  to  the 
results  of  the  aeasurements  by  the  cptical  pyccieters  requires  in  the 
general  case  of  the  knowledge  cf  the  corresponding  values  of 
radiation  coefficients,  or  as  them  freguently  are  called,  enissivity 
factoEs  of  the  objects  being  investigated,  lhe  values  of  these 
values,  on  one  hand,  are  the  functicn  of  the  physical  properties  of 
the  material  being  investigated,  apd  cn  the  ether  hard  - depend  on 
the  conditions  of  energy  and  physicochemical  interaction  of  body  with 
the  environment,  and  therefore  are  act  defined.  Natural  in  this 
situation  is  the  tendency  tc  utilize  simulation  of  blackbody  in  the 
limited  three-dimensional/space  zere  of  object,  it  goes  without 
saying  that  in  this  case  appears  the  prcblea,  connected  with  the 
unavoidable  distur tance/perturbatic n cf  the  temperature  field  of 
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object,  which  depends  on  the  type  cf  the  used  aodel. 
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It  is  known  that  the  optiaua  version  ci  the  aodel  of  blackbody 
is  the  isothermal  spherical  cavity,  which  has  eyelet  for  a radiation 
yield*  Eaission/radiation  of  this  cpening/aport ure  the  nearer  to 
black,  the  greater  the  ratio  of  the  diameter  of  sphere  to  the 
diameter  of  opening/aperture.  Small  boiing  ir  the  wall  of  the  long 
evenly  heated  duct  good  app roach/approaiaaticn  also  with  simulates 
absolutely  noq-machined  surface.  Ic  this  case  also  effective 
eaissfvity  factor  of  cavity  the  nearer  to  cnc,  the  greater  the 
relation  of  the  diaaeters  of  duct  and  boring  in  its  wall. 

If  aetallic  plate  is  bent  at  sharp  aegis,  then  at  sufficiently 
small  angle  of  radiation,  which  emerges  frca  it,  also  approaches 
black*  The  named  models  are  examined  iq  sufficient  detail  in 
monograph  Bibe  [2-1]  and  ir  many  ether  works  [2-17,  2-18].  He  do  not 
examine  them  in  detail  cn  the  strength  cf  the  fact  that  dering  the 
solution  of  the  discussed  ir  the  beck  questieps  they  are  proved  to  be 
unsuitable. 

Buriqg  the  measurements  of  the  temperature  distributions  in  the 
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spacimen/samples  being  investigated  the  sole  suitable  aodel  of 
blackbody  render/showed  half-open  cyliqdrical  cavity  with  the 
sufficiently  large  ratio  of  depth  I to  diameter  £.  It  is  maximally 


siiple  in  production,  introduced  by  it  distort ances  into  the 
distribution  of  temperatures  and  heat  fluxes  car  be  brought  to  small 
corrections. 


Eage  42. 

Finally,  which  is  completely  subst antial,.  tie  radiation 
characteristics  of  this  model  yield  sufficiently  to  precise  numerical 
determination.  He  will  not  here  set  forth  the  essences  of  different 
methods,  utilized  during  calculations  ct  this  model.  Let  us  examine 
cqly  acme  results,  most  important  virtually. 

Before  discussing  the  quantitative  data,  has  sense  emphasizing 
some  special  feature/peculiarities  cf  the  radiation  properties  of 
this  model.  Its  schematic  is  represented  in  Fig*  2-1.  let  us  assume 
that  the  initial  material  is  characterized  ty  intensity  distribution 
of  emission/radiation  according  tc  the  directicrs,  presented  by 
curved  3 (metals) . hemisphere  1 there  will  he  tc  correspond  to  the 
angular  distribution  cf  intensity  for  the  tlackbody,  which  has  the 
same  temperatures.  The  emissiop/raciaticn  cf  sufficiently  deep  cavity 
will  be  depicted  as  curve*?  2. 

Flux  of  radiation  frcm  the  cell/elements  cf  the  lateral  surface 
df,  caught  into  the  bottcm  of  cavity,  will  te  partially  reflected 
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Hill  here  and  supplenent  tie  intrinsic  emission  of  the  bottoa  in  the 
direction  cf  outlet  to  the  values,  within  Unit  which  correspond  to 
Hack  body  radiation. 

Thereby  the  surface  of  the  spatial  distribution  of  the  intensity 
of  eaissicn/radiation  withic  the  liaits  of  solid  angle  Q approaches  a 
hemisphere  of  blackbody-  However,  beyond  the  limits  of  this  angle, 
the  intensity  of  enissicn/radiatiop  sharply  falls,  striving  for  zero 
at  the  angles,  close  to  */2.  Thus,  the  eaissicn/radiation,  which 
energes  from  the  openiag/apert ure  cf  cylindrical  aodel,  does  not  obey 
the  law  of  Lanbert. 

In  connection  with  this  total  energy  flux  cf  the 
opening/aperture  is  lesser  than  the  flew  of  heiispheric  blackbody 
radiation  [2-4,  2-5].  The  overall  consider  at  io-ns  force  on  to  assume 
the  essential  dependence  of  overall  value  ard  the  spatial 
distribution  pf  radiant  fluxes,  which  emerge  free  cavity,  froe  the 
gecaefcry  of  bottoa  and  character  of  enissicc/r a elation  and  reflection 
of  the  surfaces  of  cavity,  so,  for  the  flat  airror  reflecting  bottoa 
it  follows,  it  is  probable,  to  expect  dip  iE  a curve  2 near  the  axis 
cf  cavity  to  curve/!  3,  since  nc  ray/hean  fren  lateral  surface  with 
airror  reflection  in  the  plane  of  the  kottca  will  give  component  in 
direction  standard. 


! 


Finally,  in  connection  with  a change  in  the  illumination, 
created  by  soee  elenentary  teai  depending  ct  distance  of  the 
irradiated  surface,  one  should  in  the  general  case  assune  the 
brightness  to  be  variable  cc  entire  surface  of  cavity,  including  a 
radius  of  the  botten. 


Thus,  the  overall  consideraticns  speak  about  a series  of  the 
fundamental  inadequacies  of  the  discussed  icdel  of  blackbody. 
However,  in  work  with  the  pyreneters,  receiving  radiant  flux  within 
the  limits  of  the  very  liiited  solid  angle  in  the  direction  of  the 
apis  9 f channel,  these  inadequacies  are  not  deciding. 
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Fig.  2-1.  Schematic  of  the  cylindrical  model  of  blackbody.  1 - 
angular  distribution  of  the  intensity  cf  blacklcdy;  2 - the  sane  for 
eaission/radiation  from  the  opening/aperture  cf  cavity;  3 - the  same 
for  the  exposed  surface  of  the  material  of  cavity. 

Page  43. 

Let  us  assume  that  all  the  surfaces  of  cavity  are  gray  ones  and  emit 
and  they  reflect  diffuse.  Order  these  assumpticas  the  cavity  of 
fiqite  length  with  the  flat  bottom  was  examined  already  ia  the  work 
by  Buckley  [2-6].  However,  cse  in  this  work  cf  a series  of  the 
knowingly  rough  conditions  forced  to  lately  investigate  this  task 
anew.  The  basic  sources  of  errer  ir  week  [,2-6]  were  assumptions  about 
uniform  density  distr ibuticn  of  em ission/radiaticn  according  to  the 
bottom  of  cavity  and  the  use  of  approximate  values  of  angular 
coefficients.  The  errors  indicated  excluded  Sparrow,  after  giving  the 
exact  solution  of  task  [2-7],  The  obtained  in  this  work  values  of 


Ci 


DOC  * 78133102 


PAGE 


79 

effective  eaissivity  foe  the  central  aqd  peripheral  points  of  the 
flat  bcttoc  depending  oc  eaissivity  factor  cf  the  aaterial  of  cav  ity 
and  relative  depth  L/R  are  represented  in  "fable  2-1. 

The  analysis  of  the  data  cf  'fable  2-1  shows  the  noticeable 
change  in  the  eaissivity  in  a radits  of  the  tettea,  which  is 
especially  aaplified  during  the  decrease  of  eaissivity  factor  and 
relative  depth  of  cavity.  The  character  of  this  change,  can  be  judged 
frea  Rig.  2-2 , where  by  dotted  lines  the  represented  radial 
distribution  of  effective  eaissivity  when «-o,5, obtained  by  Sparrows 
[2-7], 

The  values  of  the  initial  data,  used  in  precise  job  estimates 
[2-7]^  do  not  f^c  exhaust  cany  practically  iapertant  cases.  For 
aetals  value  • can  descend  to  0.1  and  less.  The  necessary 
calculations  for  low,  values  e are  cade  it  works  [2-8,  2-9]. 


1 


MC  78133102 


PAGE  -9T~ 


VO 


'fable  2-1.  Effective  eaissivity  of  the  flat  bottca  of  the  cylindrical 
■odel  cf  black body. 


LIU 

•*«.9 

| •— 0, 75 

**0,5 

r=0 

rmO 

r=R 

rarO 

| 

8 

0,9984 

0,9986 

0,9956 

0,99975 

0,9880 

0,9887 

6 

— 

— 

— 

— 

0.9768 

0,9793 

4 

0,9936 

0,9945 

0,9815 

0,9842 

0,9460 

0,9540 

2 

0,9785 
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0,8394 
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0,9482 

0,9708 

0,8626 

0,9180 

0,6878 

0,7914 
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0,9191 

0,9602 

0,7937 

0,8904 

0,5693 

0,7317 

cavity  for  diffuse  (dotted  line)  and  that  aixcd  (solid  line) 
reflections  in  cavity  in  [ 2-7#  2-10].  1 - 1/0=0.25;  2 - VD=0.5;  3 - 
l/D=1„  0;  4 - L/D=2 . 0;  5 - 1/D=4.0. 
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In  the  first  of  then,  the  calculations  are  iiaiited  tc  coaparat ivel y 
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shallow  cavities  (L/R£4),  which  do  net  ensure  a sufficient  degree  of 
approjiration  to  blackbcdy.  The  second  work  certains  the  thorough 
examination  of  the  wider  circle  of  relative  depths,  including  those 
that  already  can  be  utilized  in  practical  ncdels.  The  results  of 
these  calculations  are  given  in  lEatle  2-2. 

I 


Given  in  table  2-2  data  are  aeguired  under  the  assumption,  that 
it  is  possible  to  disregard  the  dependence  cf  the  effective 

I 

erissivity  of  cylindrical  walls  on  the  eriss ic n/radiabion  of  the 

better.  On  the  error,  caused  by  this  assurpticn,  it  is  possible  to  j 

judge,  by  comparing  the  data  of  twe  tables  with  sore  values  of 
deterrining  parameters  e and  L/R.  It  is  possible  to  assure  that  the 
error  will  be  most  noticeable  with  riniaur  relative  depths  and  snail 
*•  iith  the  large  ones  1/E  (>6— 8)  the  reliatility  of  the  data  cf  work 

| 

[2-9]  is  not  worse  than  1-2c/o. 

] 

As  has  already  been  indicated,  essential  elfect  on  the  values  of 
the  lpcal  values  of  effective  erissivity  in  plane  is  exerted  the 
character  of  eniss ion/r adiaticn  and  reflection  and  the  georetry  of 
the  bottom.  Given  above  data  ace  related  tc  diffuse  character  and 
reflection,  and  emissior/raciation.  For  many  materials  characteristic 
is  the  presence  of  rirrcc  ccopcnent  in  the  eiission/radiation  { 

reflected.  The  important  ccabined  version  examined  S.  P.  Rusin  [2-10, 

2-11  ]*  The  flat  bottom  of  cavity  in  its  task  reflects,  and  it  emits 
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diffuse,  lateral  surface  emits  diffuse,  aac  it  reflects  nirror.  The 
results  of  its  calculations  are  represented  in  Fig.  to  2-2  by  solid 
ligesi  It  is  evident  that  the  appearance  of  sirror  reflection 
noticeably  decreases  effective  eiissivityi  Per  the  wider  value  of  S. 
E.  Rusin*s  paraeeters,  « it  proposes  tc  utilize  the 
relationship/ratio 

«)yt, 

where  e and  «,  - eaitting  characteristics  cf  tetton  and  lateral 
surface  of  cavity,  but  coefficient  A depends  cn  «■  and  L/B.  Values  A 
are  given  in  "Cable  2-3. 


The  case  with  the  ccnpletely  nirror  reflection  of  surface  in 
cavity  with  the  conical  botton  exaiined  V.  i.  Listovnichiy  [2-12], 


. . 
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^ahle  2-2.  Effective  eaissivity  of  central  section  (r=0)  of  the  flat 
botton  of  the  cylindrical  acdel  of  blackbpdy  an  [2-9]. 


0,1  0,234  0,424  0,748  0,894  0,950  0,974  0,984 
0,2  0,392  0,607  0,858  0,943  0,972  0,985  0,990 
0.3  0,515  0,737  0,911  0,962  0,981  0,989  0,993 
0,4  0,613  0,790  0,933  0,973  0,986  0,991  0,994 
0,5  0,696  0,846  0,952  0,980  0,990  0.994  0,996 
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The  values  of  the  relative  depth  L/R,  necessary  for  cbtaioing  0,99, 
depending  on  the  enissiiity  of  the  walls  of  cavity  are  represented  in 
Fig.  2-3.  Figure  it  deacnst rates,  i bat  the  inciease  of  the  expansion 
angle  cf  cone  in  the  case  of  nirror  reflection  in  cavity  is  connected 
with  an  increase  in  the  ainiaally  necessary  depth  of  cavity. 


The  given  results  create  basis  for  the  correct  construction  of 
the  cylindrical  aodel  of  blacktody. 


Bor  each  concrete/specific/actual  object  c*  the  basis  even  of 
qualitative  discussions  abort  tie  character  cf  its  eaission/radiation 
and  reflection,  it  is  possible  to  correctly  r ate/est inate  the 
necessary  size/dinensio cs  cf  cavity,  which  guarantee  obtaining  the 
specific  values  of  effective  eaissivity.  ir  this  case,  one  ought  not 
to  forget  that,  after  using  one  or  another  the  aethod  of  producing 
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the  pyronetric  channel,  we  ever  wide  Units  can  change  the 
relat^onship/ratio  between  diffuse  and  nirrer  reflection  in  cavity 
and  the  value  of  the  enissivity  of  its  walls. 

^re  interesting  the  data  cn  tte  overall  flew  value  of  energy, 
lost  by  cavity  into  the  suricunding  space. 

After  relating  this  flew  tc  the  appropriate  energy  of 
hemispheric  blackbcdy  radiation,  we  can  speak  about  the  effective 
enissivity  of  the  openi r g/aperture  cf  cavj.tj  «...  For  a nunber  of 
conditions,  this  value  was  accurately  designed  in  work  [2-7].  The 
results  of  this  calculation  are  given  in  'table  2-4. 
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fable  2-3.  Dependence  o i coefficient  A cn  the  cbacacterist ics  of 
cavity. 


0,2109 

0,2075 

0,2028 


0,5033 

0,5278 

0,5104 


1,0029 

0,8869 

0,8322 


• i*  1,1  £ 

Fig.  2-3.  Values  of  relative  depth  of  cavity  h=l/R,  necessary  for 
provision  e.*«o,99,  depending  cn  eaissivity  of  latcrial  [2-12].  1 - 
conical  bottoa  with  apex  angle  0.667  w,  reflection  is  airror;  2 - the 
saae,  but  with  angle  of  0.581  »;  3 - flat  fccttcn  in  cavity  with  the 
diffuse  character  of  eaissicn/radi atici}  ana  reflection. 


Page  46. 


The  dependence  of  this  characteristic  cn  the  type  of  reflection 
it  is  possible  to  illustrate  by  Fig.  2-4,  undertaken  froa  work  [2-4]. 
If  in  the  case  of  diffuse  reflection  the  increase  of  the  total 
energy,  lost  froa  cavity,  sufficiently  rapicly  decelerates  with 
increase  L/B,  then  with  the  air  ion  reflection  cf  this  phenomenon  it 
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is  no*  observed.  Energy  ccqtent,  lest  by  cavity,  continues  arnys, 
also,  with  the  large  ones  l/B. 

Everything  said  abeve  was  related  to  isctbernal  cavities.  In 
practice  frequently  it  is  necessary  to  deal  with  the  presence  of  one 
or  the  other  type  of  the  temperature  distr itetien  alcng  cavity.  From 
overall  considerations  it  is  clear  that  tie  decrease  of  temperature 
from  the  bottom  of  outlet  must  decrease  the  effective  emissivity  of 
the  bottom  and,  on  the  contrary,  tie  temperature  rise  must  lead  to  an 
increase  in  the  energy  flcv  from  the  bcttpi  becavse  of  the  increase 
of  the  part  of  the  radiation  reflected.  In  this  case  with  ratio  of 
specific  radiation  to  blackbcdy  raciaticn  with  the  tenperature  of  the 
botten,  are  possible  the  values  of  emissivity  factor,  which  exceed 
on«. 


Quantitative  estimations  are  coipletely  possible  within  the 
framemerk  cf  the  calculated  methods,  used  also  for  isothermal 
cavities  [2-7,  2-11].  Tie  necessary  calculations  were  made  Sparrows 
[2-14],  Pivi  [2-8],  by  S.  F.  Busin  [2-10,  2-11,  2-15]  and  other 
werks,  for  example  [2-16]. 

In  the  case  of  a linear  decrease  in  the  temperature  along  the 
length  of  the  cylindrical  surface  cf  cavity  fren  the  bottom  to 
opening/aperture  in  work  [2-10]  is  proposed  tc  estimate  the  maximum 
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permissible  nonisothecmicity  by  the  effect  of  a reduction  in  the 
effective  eaissivity  of  the  bottca  of  cavity  tc  values  not  lover  than 
0.98.  Being  assigned  by  this  value  **»’  S.  P.  Busin  [2-10]  it 
calculated  the  limiting  value  cf  tie  ocefficiert  of  nonisotheraicity 
of*  [T.<0)  -T  (L/D)  ] /T(0)  depending  cr  the  type  of  reflection  and  value 
cf  the  eaissivity  of  the  material  cf  cavity  «.  The  obtained  results 
for  L/R=8  are  represented  in  Pig.  2-5. 
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'fable  2-4.  Effective  heaispheric  eiissivity  cf  cylindrical  cavity  on 
the  data  of  work  [2-7]  (overall  heat  loss).  Ibe  bottom  flat/plane, 
reflection  is  diffuse. 


•*0,5 

t s=0,7[> 

«.0,t 

L/R 

b.9,5 

•■0,75 

e*0.9 

0,6569 

0,6491 

0,9434 

4 

0.8331 

0.9308 

0,9746 

0.7424 

0,8948 

0,9618 

6 

0.8359 

0,806! 

0,9229 

0,9720 

8 

0,8367 

0,9317 

0.9749 

Fig.  2-4.  Effective  heaispheric  emissivity  cf  c pening/aperture  of 
cavity  [2-4]  for  diffuse  (sclid  lines)  and  airier  (detted  line) 
reflections. 

Page  47. 

Kith  the  increase  cf  eaissivity  factor  without  daaage  for  the 
accuracy  of  teaperature  acasureaents,  we  can  allow/assuae  the  high 
value  cf  teaperature  drops  along  cavity.  The  effect  of  airror 
reflection  on  lateral  scriace  noticeably  decreases  the  peraissible 
degree  of  the  nonisctheiaicity  of  cavity. 
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The  case  of  the  parabclic  temperature  distribution  along  the 
length  of  cavity  is  examined  in  works  [2-11,  2-16],  The  temperature 
distribution  is  here  assigned  by  tie  fmooticn  of  the  fora 

r»  ~ r.  + (r»  - (i  —l/L)». 

where  T.—  tesperature  cf  tie  bottem  of  cavity  (y=L)  ; T0  - 
temperature  at  y=Q. 

The  value  of  nonisctheiaicity  is  determined  by  coefficient  of  k 
c,AT 

where  C2  - constant  of  Plarck  law;  X - wavelength,  for  which 
is  conducted  the  exaainaticn.  Assuming  eaissic n/radiat ion  and 
reflection  diffuse,  it  is  possible  to  calculate  the  value  of  a change 
in  the  effective  eaissivity  of  the  flat  bottca  cf  cavity  aith  respect 
tc  isothermal  version  4«/e.  %.  Tha  results  of  such  calculations  according 
to  of  work  [2-16]  gives  to  Fig.  2-6.  On  figure  it  is  possible  to 
trace  the  character  of  the  effect  cf  the  relative  depth  L/R  on  the 
value  of  the  nonisothera icity:  the  deeper  tie  cavity,  the  the  large 
the  difference  in  the  teapeiatures  on  it  *c  can  allow  without 
increasing  the  error  for  temperature  measurements. 

Thus,  it  is  possible  to  state/establish  that  the  cylindrical 
model  cf  blackbody  is  subjected  at  present  sufficiently  to  detailed 
atady^  which  aakea  it  possible  if  nccessarj  to  estinate  the 
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goantitative  the  accuracy  ef  temperature  eeaaurceents 
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Pig.  2-5.  Dependence  of  the  permissible  coefficient  cf 

nciiisgthernicity  on  emissivity  factor  of  tt«  material  of  Cavity.  

- entire/all  surface  of  cavity  diffuse  reflects  and  emits;  — - 
bottom  of  cavity  reflects  and  emits  diffuse,  on  lateral  surface  the 
reflection  is  uirror. 


Pig.  2-6.  Relative  change  of  effective  emissivity  of  cylindrical 
cavity  in  dependence  on  its  ncnisotfaeraicit j [2-16]  (eaissivity 
factor  of  naterial  of  cavity 

Page  *8. 

2-3.  Specific  character  of  the  aeasureaents  cf  a difference  in  the 
temperatures. 

The  accuracy  of  experimental  cata  in  ttcraal  conductivity  is 
direct-connected  with  the  accuracy  of  the  determination  of  a 
diffesence  in  tenperatures  cr  local  value  cf  temperature  gradient. 
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The  values  of  these  values  can  be  obtained 
subtraction  of  one  of  another  consecutive 
meters,  which  determine  tte  absolute  value 
direct  neasureaent  of  a difference  in  the 
of  object  with  the  aid  cf  special  devices* 
small  temperature  drops  in  the  advantage  o 
obvious.  However,  in  connection  with  the  f 
investigations  by  only  instrument  for  aeas 
is  the  optical  pyrometer,  one  should  exami 
first  direction. 

It  present  during  the  det era i |aticn  o 
the  measurements  of  a difference  it  the  te 
1500-3000°K,  widely  are  applied  pyrcaeters 
filament.  During  the  estimation  of  the  acd 
one  should  take  into  attention  cnly  the  pa 
this  pyrometer,  since  in  wcrk  cf  ope  and  t 
and  the  same  pyrometer,  the  measurements  o 
the  filament  of  pyrometric  bulb  one  and  th 
instrument  a considerable  number  cf  errors 
process  of  the  calibration  cf  standards  an 
acguices  the  character  cf  the  systematic  e 
the  adcuracy  of  the  measurements  of  a diff 
Easic  error  characterizes  tte  pcssible  amo 


i 9 two  ways:  either  by 
readings  of  the  measuring 
cf  temperature  or  by  the 
temperatures  in  two  points 
Curing  the  measurement  of 
f alternate  path,  are 
act  that  in  many 
uring  the  high  temperatures 
ne  possibilities  and  the 

f thermal  conductivity  for 
mperatures  in  the  range  of 
«ith  the  disappearing 
uracy  of  such  measurements, 
ct  cf  the  kasic  error  in 
he  same  observer  with  one 
f the  filament  current  of 
e same  electrical  measuring 
, accumulated  in  the 
d instrument  itself, 
iret,  which  does  not  affect 
ezence  in  the  temperatures, 
urts  cf  deflection  of 
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readings  of  this  instrment  frca  the  readings  which  would  correspond 
to  international  thernoietric  scale,  in  the  case  of  the  evaluation  of 
the  accuracy  of  the  measurements  of  a difference  in  the  temperatures, 
on*  sfeculd  operate  faster  with  a variation  in  the  instrument.  The 
value  cf  the  latter  first  cf  all  is  determined  by  the  accuracy  of 
photoaetric  compensation,  which  defends  on  the  contrast  sensibility 
cf  huaan  eye  and  perfection  of  the  optical  system  of  pyrometer. 

The  error  for  the  single  ccmpcnsation  cf  trightness  can  be 
designed  on  the  formulas  cf  Wiew. 

*r  yT*  4W 

(2-15) 

where  AT  - absolute  value  cf  the  error,  caused  by  the  inaacurate 
cci persaticn  of  brightness,  °K;  T - temperature  cf  object,  °K;  X - 
effective  wavelength  of  pjrcaeter,  pm;  c2=H38fi  pa*deg  - Constant  of 
Planck*s  formula;  H - brightness,  calculated  frem  the  formula 


/(X.  TjV'fX.  T)d\. 


In  formula  (2-16)  l=0.C01602  i/lm  ” the  lumen  equivalent;  I (X, 
T)  - spectral  intensity,  V(X,  T)  - the  spectral  sensitivity  of  eye. 


Value  AH/H  in  formula  (2-15)  is  connected  with  the  presence  of 
the  threshold  of  the  contrast  sensibility  cf  huaan  eye.  Page  49. 


It  was  repeatedly  studied  by  different  researchers,  beginning 
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approximately  since  1900  Ritaud  [2-1]  it  estimates  by  its  value  less 
than  6.5o/o.  Data,  obtained  in  1951  by  Ruler  and  Schneider  [2-24], 
make  $t  possible  to  assert  that  values  aH/B^.1. 5-2o/o  correspond 
extremely  to  the  unfavorable  conditions  of  experiment  (to  low  field 
cf  view,  experimenter's  fatigue). 

For  the  best  pyrometers  (types  EOB-51,  CE-48)  value  4H/H  is 
within  the  limits  by  0.3-0.4o/o,  fer  laboratory  pyrometers  (among 
ether  things  of  miciopyiometers)  0.5-0.6o/c. 

The  values  indicated  correspond  to  measurements  on  the 
isothermal  pads  under  conditions  when  tie  width  of  image  exceeds 
width  of  the  filament  of  pyrometer  net  less  that  2.5-3  tines. 

Taking  value  AH/H=C.5o/o,  we  will  obtain,  for  example,  during 
the  measurement  of  temperature  differentials  of  100°K  error  because 
of  inaccurate  photometric  measurement,  equal  tc  -0. 3o/o  at  mean 
temperature  of  1200°K,  -G.60/0  with  1 7C0°!<,  -2.5o/o  with  3300°K. 

The  specific  value  of  the  random  error  during  the  measurements 
cf  a difference  in  the  temperatures  can  be  connected  with  a variation 
in  utilized  electric  measuring  instrument*  Ibe  greatest  accuracy  is 
reached  during  the  use  cf  compensation  methods  cf  measuring  the 
operating  current  of  pyrcaetric  lamp. 


■4 
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ihe  corresponding  error  can  be  designed  bat  to  the  fpraula 

(2I7) 

where  i - a value  of  the  current  of  pyrcaetric  laep;  dT/di  - 
corresponding  slope/inclination  calibration  curve  T(i) ; Ai/i  * 
relative  error  of  aeasuieaent  cf  current. 

Sc,  in  the  work  of  the  pyrometer  cf  OE-48  paired  with  the 
potentioneter  of  PflS-48  error  AI2  can  reach  O.E°K  at  the  temperature 
of  1 2C 0°K,  0. 5°K  with  1 700°K  and  2°K  with  3 3Q0°K.  Ihe  contribution 
of  this  error  leads  to  the  increase  of  an  error  of  measurement  of 
teaperature  drop.  In  our  example  the  aeasureient  by  the  pyrometer  of 
OP-48  cf  junp/drop  in  AT=1CC°K  will  be  executed  with  error  -0. 9o/o  at 
mean  temperature  of  1200°K,  ~0.8o/o  with  1 700°K,  ~3.2o/o  with 
3300°K. 


In  experiment  in  measurement  cf  theraal  conductivity^  this  error 
will  cause  the  appropriate  error  ic  the  unkrewn  value. 

Above  we  examined  the  idealized  schematic  cf  experiment,  tinder 
actual  conditions  durinc  tbe  irvestigation  by  the  pyrometers  of 
teaperature  fields  about  the  isctheraicity  of  the  area/site  of 
sighting,  it  is  possible  to  speak  crly  to  the  rcugb  approximation. 
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The  pcesence  of  temperature  gradient  impedes  the  work  of  pbserver  and 
is  the  supplementary  source  cf  erccr.  Let  «£  assume  that  the 
temperature  field  for  the  objective  is  one-dimensional,  and  the 
working  section  of  the  filament  of  pyrcmetric  lamp  is  oriented  in 
parallel  to  isothermal  sections.  Tie  value  cf  luminance  difference 

Q 

threshold  cf  the  image  cf  object  fren  that  end  ether  of  sides  of 

filament  the  greater,  the  gieater  its  width  and  the  gradient  of  f 

temperatures. 

0 


PAGE 


if  this  difference  does  net  exceed  the  value  of  contrast 
threshold  of  human  eye  tH,.  then  experimenter  can  observe  the  complete 
disappearance  of  filament. 

Page  SO. 
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the  limiting  value  of  temperature  gradient,  which  Corresponds  to  this 
case,  can  be  designed  ci  tie  ofcwicss  relations! ip/tatio 

(2-is) 

where  6 - width  of  the  filament  of  pyrometer;  k - coefficient  of  an 
increase  in  the  objective  of  pyrometer.  Hitt  the  high  gradients  of 
measuring,  condition  they  deteriorate.  Appears  the  situation  during 
which  it  is  not  possible  tc  obtain  the  complete  disappearance  of  the 
measuring  section  of  filament.  Hith  a sufficiently  great  increase  and 
the  high  resolution  of  ccular  system,  it  is  possible  to  realize 
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disappearance  of  one  of  the  boundaries,  filaaects;  however,  the 
accuracy  of  photoaetric  aeasureaent  in  thin  case  will  be  noticeably 
worse.  As  is  known  [2-1,  2-2],  the  high  acctracy  of  photoaetric 
aeasureaent  is  realized  in  that  case  if  imace  sizes  of  the  object  of 
constant  brightness  2-3  tiies  exceed  the  width  cf  filaaent.  A 
guesticn  concerning  the  appropriate  errors  lot  neniset he  real 
conditions  at  present  is  not  virtually  studied. 

One  of  effective  means  of  the  increase  of  the  accuracy  of  the 
aeasuceaeqts  of  small  differences  in  the  teiperatures  is  the  use  of 
phctoelectric  receivers.  The  possibilities  cf  the  corresponding 
measuring  circuits  can  te  illustrated  based  cn  the  example  of 
objective  photoelectric  installation  of  the  type  SPK  [2-26], 
developed  for  the  calibration  of  standard  teaperature  lamps  at 
different  wavelengths.  The  cptical  diagraa  cf  this  installation  is 
represented  in  Pig.  2-7.  The  luminous  flux  iron  the  compared  sources 
of  li^ht  (for  example,  teaperature  lamps)  passes  the  prism  of 
modulator  and  alternately  through  the  acqochrciator  it  falls  to  the 
photoelectric  cathode  of  photoelectronic  factor.  As  modulator  is 
utilized  the  small  prisi,  f asten/s trengthered  tc  the  oscillating 
string.  In  free  position  it  guides  tc  acnochrciator  the  half  of  each 
cf  the  compared  luminous  fluxes.  The  displacement  of  prism  changes 
the  relationship/ratio  between  flows,  leaving,  however,  the  value  of 
the  tptal  flow  (with  equality  the  brightness  of  sources)  of 
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cc osta nt/in var iabl e.  Thus,  under  conditions  of  the  evened  brightness 
the  laainous  flux,  which  reaches  ffO,  dees  cot  experience/test 
oscillations  in  tine.  In  tfce  case  cf  their  inequality,  appears  the 
variable  component  of  photo  current,  uhich  is  amplified  by  electronic 
circuit,  it  is  isolated  frea  interferences  end  it  enters  the 
indicator.  The  amplitude  cf  alter nating/vaziable  signal  is 
proportional  to  luainance  difference  threshdd  cf  the  coapared 
sources.  Experience  in  eperatian  of  siiilar  installations  showed  that 


the  value  threshold  of  response  for  then  is  within  the  liaits  of 
0.02-0. 05°K  iq  the  region  of  the  spectrum  fica  C.47  to  1 pa  with  the 
passband  of  0.0  1-0.05°K  in  the  region  of  the  spectrua  from  0.47  to  1 
M*  at  passband  0.01-0.03  pa  and  the  temperature  of  the  emitter  of  1 <5 ifc. 

4 — This  by  an  order  is  higher  than  the  sensitivity  of  the  best 
optical  pyreaeters. 
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Fig.  2-7.  Simplified  optical  diagram  of  the  installation  of  SPK.  1 - 
temperature  lamps;  2 - cb ject/ob jective  external  optics;  3 - 
diaphragm;  4 - reflecting  prisms;  5 - prisi  cf  modulator;  6 - The 
entrance  slit;  7 - objectives  cf  mcncchromator ; 8 - prism  of 
■oqcchromator ; 9 - exit  slit;  10  - lens;  11  - p hotoaultipl ier. 

Fage  SI. 

thus,  the  application/cse  of  photoelectric  receivers  in  devices 
fcr  measuring  the  differences  in  the  temperatures  for  the  objectives 
makes  it  possible  tc  substantially  raise  tbc  accuracy  of  these 
measurements. 

Bnfortunatelp , these  pcssibilities  are  used  far  not  dompletely. 


The  specinen/samples  of  phctoelcct lie  brightness  and  color 
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where  a - constant  of  wedge;  v - caissioa  frequency. 

the  threshold  of  respeese  cf  this  differectial  pyroneter 
lie/rests  within  Units  cf  C. 02-C. ©fi°K. 

the  high  sensitivity  of  the  systens  described  above  is  connected 
with  the  application/use  of  the  null  nethod  ty  which  photo-detector 
performs  only  the  role  cf  null  indicator,  recording  equality  the 
luainpus  fluxes  with  phctcelectric  cathode.  In  this  case,  the 
instability  of  photoreceiver  itself,  the  fexa  cf  its  characteristic 
ace  proved  to  be  unessertial. 

the  sufficiently  high  accuracy  cf  the  xeascrenents  of  a 
difference  in  the  tenperatcres  can  be  reached  also  in  the  systeas, 
instituted  on  aaplif icaticn  and  aeasureaeat  cf  a difference  in  the 
pheto  currents,  which  correspond  tc  different  luainous  flaxes. 


ftfo 


So,  N.  Frashoyyak  and  1.  Takzanovskiy  [2-28]  by  this  nethod 
during  the  neasureaent  cf  teaperature  fields  cn  cathodes  obtained 
accuracy  of  *0.  13°  at  acan  teaperature  cf  cathode  of  approxiaately 
In  this  case,  it  aust  be  noted,  that  the  area/site  of 


photoaetric  neasureaent  ccaposed  value  approximately  7.20*  10~*  an2, 
which  is  icaccessible  fee  a visual  optical  pyrcieter. 
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Use  of  virtually  inertia-free  photoelectric  pickups,  in 
particular  photocells  ard  photomultipliers,  it  takes  it  possible  tc 
construct  systens  for  acasuting  the  teipecatcre  distributions  for  the 
objectives.  As  an  exaaple  it  is  possible  tc  give  the  neasnring 
circuit  of  teaperature  field,  developed  by  Eagdeburg  [2-29], 


Page  52. 

At  its  basis  lie/rests  the  idea  of  cne-coor dinate  scanning. 
Eaissicn/radiatiog  froa  the  object  (Fig.  2—  fcj  being  investigated  is 
beaded  by  nirror  for  the  objective  of  optical  systea.  In  iaage  plane, 
is  located  the  target/purpcse  C.1  it  it  wide,  that  isolates  the  zone 
of  phptcmetric  measurement.  The  enissicn/r adiat icn,  passed  through 
the  slot,  with  the  aid  of  lens  is  headed  through  the  interference 
filter  for  the  photoelectric  cathode  of  phc tc nultiplier.  The  signal 
cf  the  latter  is  supplied  tc  oscillograph.  hlat/plane  nirror  rotates 
by  synchronous  aotor.  Thus,  optical  systea  realizes  a periodic  survey 
cf  an  entice  picture  of  teaperature  distrifciticr  in  specinen/sanple. 
The  rotation  of  engine  is  ccnnected  with  the  hcrizontal  sweep  of 
cscillcgra ph.  The  picture,  vhich  appears  on  oscilloscope  face, 
corresponds  to  density  cistributicr  cf  emissicn/radiation  along  the 
coordinate  of  object  being  investigated.  The  vertical  displacement  of 
electson  beaa  in  this  scheaatic  is  proporticral  to  the  radiant 
deqsify  of  the  cell/eleaeot  of  surface  uhich  at  given  torque/nomen t 
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is  reflect/represented  cn  slot.  The  calculation  of  temperature 
divergences  is  conducted  cq  the  basis  cf  the  equation  of  \N*er\  (under 
the  assumption  of  the  linear  dependence  of  photo  current  on  the 
lnainpus  flux).  Communicat icn/ccnnecticr  between  a relative  change  in 
photo  current  dl/1  and  a relative  change  in  teaperature  dU/T  can  be 
expressed  by  the  equation,  analogous  to  equaticq  (2-15). 

For  wavelength  A=0.6  fju0  used  in  work,  value  *« 

T T ’jj- 

vary  mcnotcnically  from  2h.C  with  1 000°K  to  8 with  3 000*K,  which 
provides  the  sufficiently  high  sensitivity  cf  schematic. 
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Pig.  2-0.  Schematic  of  the  scanning  pyroaeter  cf  Bagdeburg  [2-29].  1 
- oscillograph;  2 - photomultiplier;  3 - interference  filter;  4 - 
objective;  5 - slot;  6 - objective;  7 - rotating  mirror;  8 - object. 
Page  S3. 
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Investigation  of  temperature  tracks  by  photographic  methods. 

in  a number  of  the  practically  important  cases  for  the 

investigation  of  the  teiperature  distributicc  in  specinen/saaple,  can 

be  used  photographic  method.  The  photograph  of  the  radiating  object 

takes  it  possible  to  fix  on  film  teaperature  field  in  the  fora  of  the 

field  of  blackening.  The  quantitative  investigation  of  the  latter 

dees  net  represent  at  present  difficulties.  It  is  possible  to 

f\F  HF 

call/name  for  an  exanplc  series  aicccpbctp  aeters  mf-2,  a-f-4,  which 
aake  it  possible  with  sufficient  high  accuracy  to  aeasure  the  local 
values  of  optical  density  cr  coefficients  ct  the  transaission  of  the 
revealed  photographic  eaulsion. 
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At  the  basis  of  the  idea  cf  phatcpyrc meter , lie/rests  the 
assumption  about  existence  to  s in g le-v alue c ccnnecticn  between  the 


value  of  blackening  of  phctcemulsic;*  and  by  tbe  temperature 
brightness  of  the  photocraphed  cbject.  For  clarifying  the  conditions 
under  which  this  ccnnecticn  may  be  realized,  let  us  examine  the 
photometric  properties  cf  pbotcgraphic  fill  and  energy 
celaticnship/ratios  in  the  light  beams,  which  term  image. 


the  optical  density  cf  negative  is  called  the  logarithm  of  the 
value,:  reciprocal  to  the  coefficient  cf  txa rsa i ssion  r,  i.e., 

D=  (2-2°) 

where  r=I/I0;  I0  - intensity  of  the  falliac/incident  to  film  luminous 
flax;  I - intensi v nostb  prowedwego  svetevoge  potoka. 

Optical  density  depends  cn  exposure  H = E t , where  E - an  image 
illumination,  and  t - a holding  tiie.  The  characteristic  form  of  this 
dependence  is  represented  in  Fig.  t^2.9.  Study  curved  makes  it 
possible  tc  isolate  three  characteristic  sections;  the  range  of 
underexposures  lg  H<lg  w„,  the  range  of  norial  exposures  \gHm<\gH<\gH„ 
and  the  range  of  overexposures  \gH>\gH,  fer  the  quantitative  study 
cf  temperature  fields  there  is  the  greatest  interest  in  the  range  of 
ncrmal  exposures,  characterized  by  the  linear  character  of  the 
dependence  of  optical  density  cn  exposaia*  Fee  this  maction 


D-y\gH  + A. 


(2-21) 
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Coefficient  y is  called  tte  contrast  ratio  cf  photographic 
emlsi.cn;  the  range,  in  which  is  correct  equation  12-2  1)  , 

U 

characterizes  its  photographic  latitude  L = \g-ff-- 


The  parameters  y and  L indicated  together  with  light-sensitivity 
and  spectral  sensitivity  are  the  aost  important  characteristics  of 
photographic  fila.  For  a nuiter  cf  the  prodcced  at  present  types  of 
photographic  fila,  they  are  given  in  "fable  *-5,  borrowed  from  [2-30], 


The  knowledge  of  the  photographic  latitude  takes  it  possible  to 
rate/estiaate  the  temperature  interval,  which  corresponds  to  the 
range  cf  noraal  exposures.  It  is  rcal/actual,  with  identical  delay 
the  relation  of  exposures  is  equal  to  the  relaticn  of  inage 
illuminations.  Latter  with  the  observance  cl  a cumber  of  conditions 
proportional  to  the  brightness  cf  object.  Thus*  it  is  possible  to 


write 


fl.r-*  / 1 i W 

o i in. 


Pig.  2-9.  Carve  of  blackening  of  photographic  fila. 
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Page  54. 

Further,  by  utilizing  Hien  formula,  we  will  obtain: 

L“l*tSr(n~T^)-  (222) 

where  e - Haperian  base;  ct=1*388  pm*deg;  X - effect  ire  wavelength  of 
pbotopyroaeter;  T.  and  r.  - the  temperatmre  brightness  of  object, 
which  limit  the  range  of  normal  exposures;  irci  formulas  <2-22)  and 
(2—2 1 1 it  follows  that  in  this  range  the  dependence  cf  optical 
density  on  the  re verse/ inverse  temperature  cf  otject  at  the 
fixed/recorded  conditions  cf  photographing  can  be  represented  by 
lineaE  law.  Difference  T*—Tm  is  sufficiently  considerable  and 
grea/sises  with  temperature  rise,  it  can  be  calculated  on  formula 
T»-Tm-AT*HAT.+ 1),  where  1=1/  1ge«A/ct. 

Connection  ar-r,— r„  and  Tn  * jth  A=0.65  pi  and  1=1.5  is 
represented  in  Fig.  2- 1C.  From  the  figure  ere  can  see  that  with  the 
aid  of  photograph  can  be  investigated  the  complex  temperature  fields 
with  the  temperature  differentials,  which  reach  hundred  degrees. 


here  it  is  appropriate  to  emphasize  the  essential  effect  of 


GQC  * 781 33103 


PAGE 


ion 


contrast  ratio  7 on  the  accuracy  cf  teijerature  aeasureaen ts.  Proa 
fcmulas  (2-21)  and  (2-22)  can  be  obtained  relieving  expression  for 
c nc  of  ccmponents  of  relative  error  4&TIT), 

f&T\  AD  , I I 

M - t-  (2  23) 

In  connection  with  the  fact  that  an  increase  in  the  contrast 
decreases  the  photographic  latitude,  and  thereby  also  difference 
f“ jrj-  . value  AT/T  with  the  constant  error  for  photcaetric 
aeasureaen  ts,  determined  by  expression  A D/(D.— D„),  with  the  increase  of 
contrast  will  decrease.  Per aula  (2-23)  indicates  also  the  temperature 
effect:  in  the  range  Tm— r«  relative  error  ^row/rises  with 
teaperature  virtually  lin«a,rly. 


Photograph  can  serve  as  the  instrument  cf  the  quantitative 
analysis  of  the  teaperature  distributicn  only  at  the  observance  of  a 
number  of  conditions,  caused,  cm  c|e  band,  by  tbe  special 
feature/peculiarities  of  the  transaission  of  the  luminous  flux  from 
the  specimen/sample  through  tbe  optical  system  tc  photographic  film 
and,  gn  the  other  hand  - by  properties  cf  phctographic  film  itself. 
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Table  2-5.  Properties  of  scie  type*  of  phptcgcaphic  file. 
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1,5 

0.10 
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1.5 

0.15 
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0.8 
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Key:  II).  Type  of  eaterial.  (2).  Ccaacn/general/tota 1 

photosensitivity  in  unity  GCST  [All-union  State  Standard  J. 

Coefficient  of  contrasty  , 

(3)  .^tideea . (4)  . Photographic  latitude  t is  net  less.  (5).  Density 

of  halation  Do,  is  not  acre. 
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As  is  known  [2-31],  the  illumination  ci  optical  ieage  can  be 
represented  by  the  following  expression: 

E~  tP+^‘  <2'24) 

where  ▼ - a ceefficient  of  the  transaissioj  of  optical  systee;  B - 
brightness  of  object;  D - disaster  of  the  exit  pupil  of  optical 
systea;  b — distance  of  iaage. 


V 


/”\  AMt 
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■ Ith  D*«4(f*)*,  where  f'  - focal  leqgtb  of  objective,  (2-24)  it 
is  possible  ta  re me it e in  tte  foci 

„ • nB  & i 

E~~r-W  (T+B*1  (225) 

where  /hsf'/x  - increase  in  the  systea;  x - cisttace  froa  the  front 
focus  to  object. 

Brea  foraula  (2-25)  it  fellows  that  the  iaage  illumination, 
ether  conditions  being  equal,  grow/rises  with  an  increase  in  the 
distance,  striving  for  the  specific  liait.  Ibis  dependence  one  should 
ccnsider,  especially  with  calibration  of  tit  plctopy roaete r:  the 
value  of  the  parameter  f acst  be  retained  ccnstaft  both  for  the 
object  and  for  teaperature  standards  - the  settees  of  coaparison. 

Especially  essential  effect  cr  tie  work  cf  photepyroaeter  have 
the  individual  properties  of  photoeaulsions.  Ccqtrast  ratio 
noticeably  depends  on  tte  tine  cf  tanif estatic r and  spectral 
ccaposition  of  eaission/radiation;  the  inadequacies  cf  the 
technological  process  of  fila  developaent  can  be  the  reason  for  a 
change  in  the  blackening  cq  the  surface  of  fill. 

Sufficiently  reliable  results  can  be  cbtained  only  under  the 
condition  cf  calibrating  each  frame.  In  this  case  simultaneously  with 
photographing  of  object  to  the  sane  fraae  are  reaove/taken  the 
standards  illuainant  (teaperature  laap)  with  tbc  known  values  of 
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Fig.  2-10.  Dependence  of  the  teaperatare  targe  cf  notaal  exposures  on 
the  upper  tenperature  at  L=  1.  5. 


Fage  56. 

The  photographic  pyrcacter  in  fact  is  the  cptical  pyrometer, 
which  aakes  it  possible  to  deteraine  the  distribution  of  tenperature 
brightness  on  object.  As  is  known,  transition  tc  actual  tenperature 
can  b#  realised,  if  are  known  the  value  o i the  effective  wavelength 
cf  ayatea  and  the  corresponding  value  cf  acocchr caat ic  eaissivity 


The  calcalation  of  effective  length  of  p botopyr cnet er  can  be 
produded  on  the  basis  of  the  overall  rclaticfsbip/ratios,  used  for 
calculation  of  the  cptical  pyrcaeters*  Sc,  for  the  calculation  of 
actual  teaperatore  >■-*  it  ia  possible  tc  find  fcca  the  fcraula 
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(2-27) 


dl 


In  ; 


} *?r,*W* 


where  T<  - the  color  teaperatuce  cf  bcdy;  r.  - tea  pe  rate  re 

6U  .0 

brightness;  u.  and  - spectral  brightness  cf  hlacfcbody  at  the 
approfriate  teaperatures;  p\  - relative  spectral  sensitivity  of 
fils;  t>\  ~ ceefficient  cf  the  transaission  cf  cptical  systea 
(i nc lading  filters). 


For  inf iqitesiaal  teaperature  range,,  can  te  obtained  the  value 
of  aapiaua  effective  wavelength  [2-1]: 


bVTP\D\ 


w.-- 


(2-28) 


dX 


In  wort  with  isoparchrcaatic  and  pancbrcaatic  photographic 
satcrials  during  the  appropriate  selection  cf  light  filter,  it  is 
possible  tc  obtain  value  sufficiently  close  to  the  appropriate 
value  for  industrial  aorcchxoaatic  cptical  pyrcieters. 


In  connection  with  a cc aparat i vely  ssall  abundance  of 


photopyrcaetric  aethod  in  the  practice  of  t her acphysical  experiment 
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it  would  want  to  call/naae  a series  of  the  works,  containing 
copcrete/specif ic/actual  data  cn  tbe  applicatic i/use  of 
photopyroaetry.  So,  shell  [2-33]  with  the  aid  cf  photographic  aethods 
it  investigated  cooling  Silit  resistors  for  purpose  cf  the  study  of 
their  theraophysical  properties.  Tie  vaiiawi  recorded  in  experiment 
teapecature  drop  was  approxiaately  200°C  at  saxiaua  teaperature  of 
12G0°C.  A variation  in  readings  of  Hayes  phctoFyroaeter  in  the  range 
cf  1200-  1400°C  reached  *3°(t. 


The  careful  experimental  investigaticc  cf  photopyroaetric  method 
was  carried  out  by  Londry  [2-34]. 


Work  was  conducted  in  the  range  of  beaperatares  of  1200-1800°K. 


Page  57. 


Here  investigated  characteristic  curve  filas  under  the  varied 
conditions  of  photographing,  was  studied  the  teaperature  distribution 
along  the  length  of  the  belt  of  teaperature  laap,  were  reaoved  curves 
cf  coding  of  a series  cf  s peciaen/saaples.  The  author  estimates  a 
variation  in  readings  of  phetopyreaeter  by  value  cf  £l°K  (for  small 
teaperature  drops) . The  atsclute  errer  for  the  aeasurenents  of 
teaperature,  found  by  the  ccapariscn  of  the  data  cf  phot  op yroaeter 
and  the  optical  pyroaeter,  does  net  exceed  l5°K. 


Photographic  method  was  successfully  used  by  V.  A.  Popov  for 
deterainiqg  the  temperature  of  dri ving/mov irg  turning  particles 
[2-35J  N.  H.  Skotnikov  [2-32]  were  applied  it  fer  the  study  of 
temperature  field  in  the  jet  cf  flame. 

Buring  the  study  of  the  coefficient  of  thermal  conductivity  and 
ether  properties  of  metals  tte  photographic  methods  of  the  study  of 
the  temperature  fields  were  used  by  J.  Rartin  [2-37]  and  te.  S. 
Elatuncv  with  colleagues  [2-38,  2-39].  Cne  should  cite  werk  of  S.G 
Grenishin  etc.  [2-36],  in  which  are  examinee  the  special 
feature/peculiarities  of  the  measurement  of  brightness  and  color 
temperatures  by  the  metteds  cf  (he t cpyr erne t i y. 

Use  described  higher  than  the  methods  cf  studying  the 
tempeiature  fields,  as  a rule,  it  gives  iatc  the  order  of  the 
experimenter  of  the  information  about  the  fields  of  temperature 
brightness.  If  according  to  one  or  the  ether  reasens  the  realization 
of  the  models  of  blackbcdy  for  the  objective  is  impossible,  actual 
temperatures  it  is  necessary  to  rely  op  the  basis  of  data  from 
monochromatic  emissivity  factor  «n.  taken  at  effective  wavelength  of 
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Connection  of  the  gradient  of  teaperature  trightaess  dT.idx  and 
cf  the  gradient  of  actual  teaperatare  1 can  he  represented  by  the 
expression 


dj__ i / r s dj_ 

dx  . . Tl  ^ 

'+r’7?T  7T 


Expression  (2-29)  lakes  it  possible  tc  trace  the  accaaulation  of 
error  in  the  deter aination  of  the  gradient  cf  the  actual  teaperature. 
the  greatest  contributicn  tc  it  give  differentiation  of  initial  curve 
r«(*).eixor  of  aeasureaent  r«  and  ap  errer  it  the  deter  aination  of 
actual  teaperature  T,  caused  by  the  inaccurate  knowledge  of 
eaissivity  factor  *a-  Las ty latter  ccaponent  can  te  estiaated  on  the 
foraula 


.'AT  \ _ «■_  ‘ *»r 

(T^T)  - ' 


the  essential  increase  of  errer  daring  the  calculation  of  the 
fields  cf  the  actual  teiperature  ir  tens  ct  the  appropriate  values 
cf  teaperature  brightness  fcrccs  tc  search  fer  the  ways  of  the 
creation  of  the  aodels  cf  fclackbody  at  data  points  of  the 
spiciaen/saaples  being  investigated.  This  fact  requires  very 
attentive  and  careful  relation  to  the  exper mental  data,  obtained 
only  on  the  basis  of  the  aeasureaents  of  teiperature  brightness.  As  a 
rule,  in  this  case  one  should  special  attention  focus  on  surface 
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cc^diticn,  the  coaposition  of  the  caseous  a<diun,  which  surrounds 
speciuen/sanple,  the  gecaetry  c£  sjstea  anc  a scries  of  other 
factors,  which  affect  tie  effective  value  cf  tie  luminous  fluxes  from 
s pcciaen/saaple. 

Page  58. 

2-4.  Special  feature/peculiarities  of  optical  tenperature 
■easu re  men ts  under  conditions  cf  radiation  heating. 


As  is  known,  radiant  flux,  sent  by  hot  tody  into  the  surrounding 
space,  in  the  general  case  is  cf  two  parts:  its  own  radiation  of  body 
and  pArt  of  the  enissior/iadiation , which  falls  to  its  surface  from 
without,  this  surface  reflected. 

If  the  value  of  the  first  part  is  the  function  cf  the 
tenperature  of  body,  its  physical  properties  and  mechanical  surface 
condition,  then  second  part,  besides  these  factors,  depends  also  on 
tenperature  and  the  properties  cf  external  cnitter. 

Thus,  perceived  by  pyreneter  radiant  ecergy  ceases  to  be  the 
characteristic  of  the  body  being  investigated,  since  the  information 
about  its  tenperature  state  is  distorted  by  env ironnental  factors. 


I 
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Kith  similar  conditions  it  is  necessary  to  be  counted  during  the 
measurements  of  the  temperature  of  todies,  heated  in  crucible 
fernaces,  eguipaent/de vices  with  electronic  heating,  reverberatory 
furnaces,  etc. 

On  the  value  of  possible  error,  it  is  possible  to  judge  at  least 
based  cn  this  example  £ 2—  4 1].  During  the  measurements  of  the 
teaperature  of  body  surface,  heated  in  reverberatory  furnace  with  the 
energy  density  100  U/ca2,  of  value  of  the  apparent  teaperature  at 
eaissi;vity  factors  of  surface  e— l;  C.9;  0^7;  0.5  compose  vith  respect 
to  1796;  1946;  2128  and  22A0°C.  The  actual  teaperature  of  surface  in 
this  Case  is  egual  to  1776°C- 

It  is  logical  that  the  experi tenters  search  for  the  ways  of  the 
exception/eliaination  of  siiilar  errors,  let  us  examine  the  obvious 
relationship/ratio 

S*<X.  T.)+B,{K  T>),  <2-31) 

connecting  effective  brightness  fl.»  with  brightaess  of  its  own  of 

and  reflected  E0  eaissicn/zadiations.  lie  temperature  of  surface 
Tt  (brightness)  can  be  designed,  if  is  measured  temperature  T0, 
which  corresponds  to  reflected  radiation.  It  is  real/actual,  taking 
into  Account  the  foraula  cf  vine,  expression  (2-31)  is  converted  to 
the  fgra 

ar-r^-r.-r^Ji-j^-j],  (2.32) 
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The  aeastireient  of  value  T 0 can  be  realized  only  soaetines.  For 
exaaple,  in  experiaents  with  electicnic  heating  it  is  possible,  after 
disconnecting  high  voltage,  to  measure  in  the  ceded  s peci aen/sample 
value  Ta,  which  corresponds  to  that  reflected  ty  s peci nen/san pie  to 
radiant  flux  froa  the  incandescent  cathcde.  A change  in  the 
reflection  coefficient  with  teiperature  is  saall  and  easily 
considered  by  the  appropriate  correction.  The  acthors  utilized  this 
method  in  all  their  works  with  the  applicaticu/use  of  electronic 

i 

heating.  In  this  case,  tas  remove/ taken  the  dependence  of  the 
apparent  teaperature  in  the  coded  speciaer/saif le  on  the  strength  of 
current,  feeding  filanertary  cathoce. 

Buring  treataent/werking  cf  expedients  value  T0  is  found 
through  the  strength  of  current  of  the  cathcde,  which  occarred  in 
this  ccndi tions/aode. 

Eage  59. 


It  is  logical  that  the  replaceient  cf  cathcce  cr  the  displaceaent  of 
aaj  elements  of  constructior/design  causes  the  need  cf  conducting  the 
rew  calibration  of  the  flews  reflected. 
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.In  such  a case,  when  radiant  flux,  which  overstates  the 
temperature  brightness  cf  ctject,  is  at  the  same  tine  the  basic 
heating  £lcu,  method  described  above  cannot  be  realized.  This  is 
related  first  of  all  to  reverberatory  furnaces.  One  cf  the  possible 
paths  is  here  the  method,  proposed  by  C.  N.  Shcherbina  [2-41].  If  to 
material  with  reflectivity  p0  corresponds  brightness  B0,  then,  other 
conditions  being  egual,  reflection  frea  the  strface  of  material  with 
nmfletitivity  p can  be  desigeed  on  the  basis  cf  relationship/ratio 


It  remains  to  fit  the  aaterial  with  p0,  which  would  make  it 
possible  tc  conduct  brightness  reflected  measurements  in  pure  form. 
This  material  proves  to  be  aagnesiun  cxide,  reflecticn  coefficient  by 
which  is  close  to  0.97.  So  high  a value  of  p0  leads  to  the  fact  that 
in  the  balance  of  radiant  energy,  which  determines  the  apparent 
temperature  of  irradiated  object  7".*,  its  iftrinsic  emission  does  not 
virtually  play  the  role.  D.  H.  Shcherbina  gives  the  calculations, 
which  attest  to  the  fact  that  the  error  im  brightness,  caesed  by  the 
intrinsic  emission  of  magnesiua  oxide,  the  placed  in  focus  solar 
fumades,  is  approximately  C.  7o/o,  which  in  recalculation  to 
temperature  gives  an  error  in  order  0.  Ic/o. 
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Thus,  experiment  in  the  measurement  of  the  surface  temperature 
cf  any  aaterial,  which  is  lccated  in  the  (ecus  cf  solar  furnace,  is 
run  as  follows.  In  the  (lace  cf  the  specime n/sa mple  being 
investigated  is  placed  auxiliary  s peciaen/s a ap 1 e made  of  aagnesiua 
cxide.  Is  remove/taken  the  dependence  cl  ellective  teaperature  T0  of 
auxiliary  specimen/sample  cr  sclar  intensity  (by  fixed /recorded  fact 
cr  by  another  photometer). 

Then  in  experiment  with  basic  spec ine n/sat p le  are  aeasured  its 
apparent  teaperature  T—  and  the  value  cf  sclar  radiation*  From  the 
latter  is  determined  the  corresponding  value  Bc.  The  unknpwn 
teaperature  T can  be  designed  in  accordance  with  the  equality 


where  X - an  effective  wavelength  of  the  optical  pyroaeter;  cgi=14r)8B 
*ia«deg;  •-»!—  p - nonochrcmatic  emissivity  factor. 

•ne  should  emphasise  that  the  application  cf  the  method 
indicated  can  be  accompanied  by  appreciable  errors,  caused  by  an 
inaccuracy  in  the  installation  of  standard  and  specimen/Eample  in  the 
relatively  reverberatory  furnace.  A rather  sharp  change  in  the  energy 
density  in  the  area  of  focal  spot  and  cn  leaving  from  focal  plane  can 
cause  the  disturbance/breakdown  of  the  reqiireaent  of  the  identity  of 
the  conditions  of  irradiation  and  as  ccnsecuencc  lead  to  systematic 
error  in  measurements.  The  described  methoc  assumes  known 
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ic ccckroma tic  reflectivity  and,  co cseq vent  1 j , also  monochromatic 
emissi,vity  factor. 

lage  60. 

If  the  parameters  of  unkncwcs  indicated,  become  necessary  the 
measurement  of  the  intrinsic  emission  of  specimcn/sample.  One  of  the 
mays  <pf  organizing  such  measurements  is  the  application/ use  of  two 
rotating  screens.  In  this  case,  pytcmetric  chancel  is  opeo/disclosed 
at  that  torque/noment  mien  incident  radiation  completely  overlaps. 
Humber  of  revolutions  is  selected  similar  sc  that  cooling 
spaciaen/saaple  for  the  time  of  the  cutoff  cf  the  heating  flow  would 
be  unessential. 

In  arc  reflecting  furnaces  a similar  method  was  used  in  work 
[2-43]  during  the  investigation  of  the  coefiicient  of  reflection  and 
eaiss^vity  of  oxide  ceraaics.  Standard  speci men/sample  was  fulfilled 
from  the  oxide  fila  of  magnesium  up  to  1.5  im  in  thickness, 
plctted/applied  to  the  surface  of  the  cooled  copper 
blcck/module/wnit.  During  the  measurements  cf  effective  temperature 
test  specimen  was  rapidly  replaced  by  standard  with  the  accuracy 
cf  installation  0.  1-0. 2 am.  The  measuring  circuit,  used  by  the 
authors  [2-43],  is  represented  in  Eig.  2-11. 
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The  scanning  prisas  are  fasten/strengthened  to  three  blade/vanes 
and  rotate  at  a rate  of  10  r/s.  At  the  tor c ie/ a c ten t , presented  in 
the  diagram,  which  falls  tc  specimeq/saapie  tie  flow  is  overlapped 
aqd  the  system  of  prisas  glides  the  intrinsic  emission  of 
spiciaen/saaple  to  pyroieter  2.  By  pyrcaetei  1 is  neasured  the 
temperature,  which  corresponds  to  the  sua  cf  its  own  and  reflected 
flows.'  The  weakening  of  flows  because  >cf  their  periodic  interruption 
leads  to  the  fact  that  both  of  pyreaeters  i«cord/fix  only  certain 
apparent  temperature  TV  connected  with  the  temperature  of  surface  T 
with  the  relationship/r atic 

T-“T7  + 7r,nt-  (2M) 

where  r - the  coefficient  cf  the  transmission  cf  the  rotating  screen, 
calculated  on  the  basis  of  the  geoietry  of  screen  or  determined 
experimentally. 

One  should  mention,  also,  about  this  possibility  as  separation 
cf  the  spectral  sections  cf  that  heating  and  measuring  radiant 
fluxes.  In  reverberatory  furnaces  this  can  he  reached  by  the 
transmission  of  radiant  flux  froa  the  airrer  through  the  special 
filter  the  coefficient  cf  transiissicn  cf  thich  in  spectral  region, 
corresponding  to  effective  tavelength  of  the  optical  pyrometer,  is 
sufficiently  low.  The  e f f ec t iveress  of  a siiilai  method  it  showed  P. 
Glazes  [2-42]  in  its  week  regarding  the  tiherial  conductivity  of 
zircociua  oxide. 


< 
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Ideal  conditions  for  this  approach  exist  during  the  ase  of  laser 
heating,  which  is  characterized  by  the  high  degree  of  the 
■oi)ochroBatization  of  tie  priaary  flew  cf  ecergy. 


Fig.  2-11.  Oiagraa  of  teaperatare  aeasareaents  in  reverberatory 
furnace.  1,  2 - optical  pyreaeters;  3 - airier  cf  furnace?  4 - 
■cticoless  prisa;  5 - screen;  f - scanning  prisa;  7 - 
epeciaen/saaple ; 8 - rotary  stand. 
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construct  the  theory,  which  considers  lateral  losses.  By  the  first 
space  here,  it  is  logical,  is  assuapticr  alcut  linear 
ccanunicat ion/conn ectior.  cf  heat  losses  with  teiperature  <heat 
exchange  according  to  the  law  cf  Newton-Bichtman).  Furthermore,  in 
the  case  of  metals  and  alloys  their  high  thersal  conductivity  makes 
it  possible  to  disregard  the  radial  cocisothersicity  of 
s f eciien/samples. 

thus,  formally  we  coxe  to  system  with  the  negative  sources  of 
the  heat  releases  whose  productivity  lirearly  depends  on  temperature. 
Flew  from  these  sources  is  additively  accumulated  with  the  heat 
release,  caused  by  the  passage  of  correct. 

For  the  first  time  the  of  this  type  examined  Jager  and 

Eiesselhorst  [3-9]. 

Initial  differential  equation  takes  the  torn 

Here:  a - heat-transfer  coefficient;  E - perimeter  cf  rod;  s - 
its  cicss  section;  T0  - ambient  temperature. 
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Equation  (3-1)  during  the  introduction  of  a series  of  the 
simplifying  assumptions  adaits  the  strict  aralytical  solution  which 
can  be  placed  as  the  basis  cf  expeiiaeptal  (rccedare  for 
deter aination  X.  I n this  case,  the  necessary  calculated 
re laticnsh ip/ratios  can  be  obtained  by  tap  aetheds.  The  first 
coqsists  of  finding  of  the  corrections  after  using  which  ae  would 
arrivd  at  Kohlrausch's  siapJe  and  ccnveriert  calculation  formulas 
(nee  Chapter:  1)  . The  second  consist^  in  the  investigation  of  the  new 
types  cf  the  calculated  relaticnship/r atips,  cc; strutted  on  the  basis 
cf  the  strict  solution. 

The  first  version,  in  essence  its  teipc,  ap  froxi  Bated, 
revertheless  (prohably,  cn  inertia)  after  tie  werk  of  Jager  and 
Diesselhorst  was  received  very  wide  acceptance  and  it  is  utilized, 
umtil  now,.  Let  us  examine  it  in  detail,  bet  there  be  with  x=-£  T=Tt; 
v=  v, ; with  x=+t-  T = Tj;  r-y3;  with  x=  0 T=1gj  v=  v2 . 

Xf  X=const  and  e^ccnst,  then 


where  V - voltage  drop  across  comdoctor  by  length  21. 

Under  conditions  of  Kohlrausch,  value  cum  be  connected  with 
the  jaap/drop  in  teaperatures  9 = T„ — — ^ T-  , which  appears  in 

conductor  at  the  transaissicn  ca  it  of  tke  current  [see  Chapter  1, 
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cguaticn  (1-32)  ]: 

V*«=  8 

Then  the  second  tei»  of  eguaticn  (3-1)  is  mitten  in  the  fore 
X 2 6/ 1* , and  all  the  equation  after  reduction  to  constant  factors  - in 
the  fgrn 

g~~£-(r-r.)+£= o.  (3-3) 

liter  designating  n*=2«/Xr,  tie  general  sclntion  of  differential 
equation  (3-3)  let  us  mite  in  the  fern 

T - T.  - JL = Ae"  + A'e—.  (3-1) 


Page  63. 

Equation  (3-4)  Jagcr  and  Oiesselhorst  itilized  for  the 
dfeteraination  of  the  relaticnsbip/r atic  between  the  tenperature  drop 
in  the  specinen/sa nple  6,  which  corld  te  ferned  under  conditions  of 
adiafchtic  insulaticn/isclat ion,  and  with  tic  ju*p/drop  A=*a-T| ♦T,/2, 
occurring  in  systen  with  losses. 

After  presenting  exponential  functions  in  the  fern  of  series  and 
after  designating  A»A,=  B;  J-A  *=C,  it  will  he  pcssible  to  write: 

r-r.- + 

+ (3-5, 
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Constant  B easily  is  deteraincd  fees  tcaperature  T2  in  the 
ceqtei  of  conductor  (x=0): 

(3-6) 

lipressiens  (3-5)  and  (3-6)  sake  it  frcssitle  to  write  expression 

for  the  relative  teaperatcre 

r - r,  «'*•  , /fx*  t i 

SI 2T+"ir+"+ 

r.-r.-rfr 

+4-«('  + T+T+-) 

and  finally  utilizing  boundary  conditicis  »ith  r=tX»  to  obtain  the 
resultant  expression 

T'  + r>l (3-7) 
r.-r.-zjr 

After  introdweing  the  designations 

,=>=~Y  (3-*) 

Af*r.-r,+  4-A,  (3-9) 

fsca  eguation  (3-7.)i,  by  ntilisiag  is  the  sight  aids  three  terns  of 
expansion,,  it  is  possible  tc  find  conauniaaticn/connection  between  9 


and  A* 


• = A — + -^5- •*-}-.• 


The  designed  thus  valae  9 can  be  substituted  in  the  equation  of 
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RchlrAosch  and  to  find  tbe  unknown  value  l/<r.  lalua  X/«  here  one 
should  relate  to  teaperature  I,-  A. 

Cage  44. 

(f  the  tenperature  of  furnace  is  net  ccnstant,  but  it  changes  on 
parabola  with  tenperatuies  lo»(*=*t)»  70i(*=C),  Tas(x=*l)r  then  value 
R Is  tfospnted  according  to  the  relationship /ratio 

*=r*-r.+4-  — '-(r.,-T^±I»y  <3-ii> 

Thus,  the  calculation  of  correction  requires  the  investigation 
cf  tenperature  distribution  not  only  along  spcciaen/sanple,  but  also 
along  furnace. 

la  accordance  with  (3-6)  value  * cat  be  calculated*  if  is 
kaewn  beat-transfer  coefficient  a.  If  bebeeca  tie  spccinen/sanple 
(with  a radius  of  r)  and  by  the  wall  of  furnace  (with  a radius  of  R) 
is  placed  any  filling  with  theraal  conductivity  then  expression 
for  approxinate  estinatc  a,  obviously,  takes  tbe  forn 

« = <3,2> 

lore  advisable  is*  however,  t|e  direct  weaswrenent  of  value  e 

in  experinent.  If  over  rod  current  dees  not  go,  then  according  to 
Kchlrausch's  theory  specinen/sanple  aust  be  isctheraic,  i, e. , 0=0. 
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thus,  after  disconnecting  current  aqd  after  measuring  the  stationary 
temperature  distributior  in  system,  frou  equation  0=A,’— e\',+  . . . it 

is  possible  to  calculate  unincun  value  e=Ai/AV 


On  the  basis  of  tbc  theory  presented  Jagec  and  Diesselhorst 
supplied  the  thoroughly  realized  esperiment. 


Used  by  then  experineqtal  techniques  is  of  now,  perhaps,  only 
historical  interest;  however,  the  idea  c£  systematic  approach,  the 
■atheaatical  analysis  of  aany  specific  problems,  which  appear  in  the 
implementation  of  aethoc,,  until  new,  they  retain  entire  their  force 
and  value. 


In  1935  this  aethod  was  used  E.  L.  Tiwrot  [3-10],  It  carried  out 
for  the  first  tine  it  in  high-teaperature  range:  experimental  data  on 
the  thermal  conductivity  of  the  aost  important  trademarks  of  steels 
in  work  on  the  thermal  conductivity  cf  the  test  important  trademarks 
cf  steels  in  work  [3-10]  cover  temperature  range  of  100-9Q0°C. 
Characteristic  for  this  work  is  attenticq  tc  the  creation  of  the 
coqditions,  required  tbc  theory  cf  method.  This  first  of  all  is 
related  to  equipaent/device  of  working  section,  the  averaf  e/nean  test 
section  of  the  speciaen/saaple  was  covered  by  insulating  compound, 
which  consists  of  admix  ashestes  fibers  with  magnesia,  and  it  was 
turned  up  into  fine/thir  asbestos  sheet. 
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This  system,  bound  by  asbestos  cord,  was  introduced  into  furnace,  and 
the  clearances  between  the  beating  tube  of  turrace  and  the 
bloch/nodule/unit  from  specime n/sa ■ p les  mere  filled  with  the  same 

astestcs-aagnesiun  filling.  Such  ar  insula t icn/ iscla tion  made  it 

1 

possible  tc  hope  for  the  linear  character  ci  heat  exchange  between 
the  specimen/saaple  and  tbe  furtace,  requited  theory. 

Several  years  after  the  methcd  of  Jager  ard  Die ssel hprst  realize 
h.  E.  flikryukov  [3-11,  3-12].  Unlike  D.  L-  1imrct*s  work,  here  in  all 
raqge  cf  investigations  is  absent  insulating  filling  between  the 
speciaen/sample  and  the  furcace.  Heat  eicharge  between  them  is 
realised  by  the  emission/radiation  (working  section  is  located  in 
vacuum);  therefore  initial  positiors  are  here  disrupted.  Position  is 
aggravated  still  by  the  fact  that  the  diameter  cf  specimen/sample  is 
rctictably  smaller  than  the  diaieter  of  furnace.  This  leads  to  the 
amplification  of  the  rcle  of  "oblique"  re-eiissicn,  i. e. , the  direct 
heat  exchange  of  the  hot  central  zenes  of  ferns  with  colder 
peripheral  sections. 
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Generally  speaking,  under  specific  ccrditic^s  it  is  possible  to 
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allow  radiation  heat  exchaqce  in  systew.  Pci  this,  it  is  necessary, 
ca  cne  hand,  to  reduce  1c  ainiaua  air-gap  clearance  between  the 
spacinen/sanple  and  the  furnace  (which  will  aak<  it  possible  tc 
eliainate  the  noticeable  effect  cf  re-e ais £ icn>  and,  on  the  other 
bagd  - to  fulfill  condition  (T-l 0)  /T0<<  1-  It  this  case  it  is  possible 
tc  talk  abcut  the  effective  coefficient  of  beat  exchange  a*  and  the 
liqeas  character  of  its  teipernturc  dependecce,  i.e., 

•n,’(T'-r,')=*M(T-Tt),  (3-13) 

where  em>  - given  esissiwity  factor  in  s ystes  s pcciaen/saaple  - 

furnace;  o - Stefan-Boltzaann* s constant;  I and  T0  - absolute 
teaperatures  of  specinec/saiple  and  furnaae. 

Froa  (3-13)  it  follovs  that  the  linearized  coefficient  of  heat 

exchange  can  he  written  as 

«.  = 4 «<,  (3-14) 

acreower  an  error  in  the  linear izaticn  it  is  estimated  by  the 
re lat|onship/ratio 

x-  i + i.5(f-f.T7f."  (d,&) 

On  should  not  forget  that  equation  (#-1)  assunes  constancy  a 
over  entire  length  of  werking  section. 


) 
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fulfilling  this  requirement  in  the  case  of  tie  linearized  radiation 
heat  exchange  requires  special  emissicg/radiaticn  in  each  specific 
case.  In  work  [3-11]  the  analysis  cf  these  caestions  was  absent. 

Thus,  to  the  results,  cbtainec  during  the  installation  of  v.  &. 
Hikryakova,  one  should  approach  with  large  precaution.  This  confira, 
for  example,  and  P.  B.  Sfcelepukhin  's  data  [3-13],  who,  vorking  during 
the  installation  of  V.  E.  flikryukcva,  experimentally  detected  that 
the  system  of  the  corrections  cf  Jager  and  Ciesselhorst  here  led  to 
erroneous  results,  already  beginning  with  temperatures  of  300-400°C. 
The  a<pst  reliable  results  were  obtained  only  under  the  condition  of 
the  protection  of  sped aen/saa pie  by  the  layer  cf  ceranics  with  the 
lew  coefficient  of  therial  conductivity  (fcaa  chaaotte). 

The  extensive  studies  cf  the  coefficient  cf  thermal  conductivity 
by  thd  aethod  of  Jager  and  Eiesselhcrst  were  carried  out  by  R.  Ye- 
Kxzyzinowski  £3-14,  3-15]  and  E.  Ye-  Meyaark  [ 3-16,  3- 17  ]<f  The 
cxeatad  by  then  experiaertal  installations  ensured  obtaining  reliable 
data  to  90 0— 950°C  and  aade  it  possible  to  ccndcct  systematic 
investigation  of  h,eat-  and  electrical  conductivity  of  the  large  group 
cf  the  aost  important  industrial  alloys. 

Higher  temperatures  (tc  1100°C)  were  obtained  during  its 


J 


0 

Q 

3 

1 

1 

2 


& 


■ 


j 


installaticn  of  G.  Ye.  Ivanchikhin  [3-16] 
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The  diagram  of  this  installation  is  gives  tc  Fig.  3-7.  Heater  is 
■ade  from  sheet  tungsten  0.15  an  in  thickness.  Experimental  model 
with  a length  of  120  4.  5 ■■  in  ciaseter  is  seoticed  by  special  pins. 
The  latter  contain  compensative  heater  and  coder,  which  makes  it 
possible  to  regulate  the  value  of  teaperatnre  drop  in 
sjeci men/s  ample.  Horkinc  sccticn  has  length  60  am.  The  measurements 
cf  the  temperature  of  sped  xen/sam  pie  are  realised  by  three  welded  to 
it  platinum-platinum  rhcdiui  t her mccouple»0Q. 15  am  in  diameter.  The 
electrodes  of  these  thermocouples  they  are  utilized  as  potential 
cogclasion/der i vat  ions. 

Specimen/sample  is  shielded  bj  insulation  - two  tightly  pressed 
tc  it  senicylinder s 6 of  ultralightweight  fcaa  chamotte.  On  the 
external  surface  of  sem icylinders  in  grooves,  are  packed  the 
therm9couples,  which  measure  the  temperature  field  on  the  external 
surface  of  insulation/isclaticc.  Betweec  tungsten  heater  and 
ceramics,  is  left  the  clearance  to  3 si,  which  improves  the 
uniformity  of  heat-flow  distribution  according  to  the  surface  of  the 
heat  insulation  of  specimen/sample.  cutside  heater  it  has  screening, 
which  decreases  the  heat  lcsses  tc  the  jacket  cf  furnace.  System  is 
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Correctly  noting  that  with  decrease  of  K the  theory  of  the 
corrections  of  method  is  proved  to  fce  acre  effective,  the  author  in 
his  measurements  leads  this  value  to  1-4°G. 

Page  67. 

To  70Q°C  experimental  data  cf  the  authcr  fer  steel  1Kh18N9T  within 
limits  cf  2o/o  coincide  kith  the  results  of  B.  E.  Neymark  and  R.  E. 
Kr2 yzanowski , at  higher  temperatures  - they  exceed  then  (B.  E. 
Reyaaxk's  results  are  deflect/diverted  at  950°C  down  approxiaately  to 
Ea/c)  * Reason  this  author  perceives  in  too  the  great  values  of  N 
which  were  in  the  compared  works.  So,  E.  Ye.  Neyaark  temperature  at 
the  eod/lead  of  the  furnace  was  higher  than  the  temperature  of 
end/lead  of  the  rod  by  appr cxi aately  f€°C. 

The  given  example  shows  that  the  use  cf  all  advantages  of  one  of 
the  mps t elegant  experimental  methods  - method  cf  Jager  and 
Diesselhorst  is  possible  only  during  strict  bringing  of  conditions  of 
heat  exchange  in  the  working  zene  cf  speciicn/sample  into  conformity 
with  the  thecry  of  method. 

let  us  write  the  solution  of  equation  (3-10)  in  a somewhat 

r-r.-(r,-r.-^-)S5+i-  <3'«) 


different  form 
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Here:  b=20/l*'=I*p/ AS* ; A and  p the]  are  aet/ansumed  as  before  by 
independent  variables  of  temperature;  Ti  — T»=T'i. 

After  measuring  in  experiment  the  temperature  la  the  center  of 
conductor  (with  x=Q)  T=Ta,  the  teaperature  cf  ccedector  Tt  at  a 
distance  from  center  x=*t  and  the  temperature  cf  median  T.,  me  can  in 
accordance  with  (3-16)  connect  thee  mith  the  unknown  parameters  b and 
n. 


1 


* 


Fig.  3-1.  Installation  cf  8.  E.  Ivaqchikfcin  [3-18].  1 - heater;  2 - 
s jeciaen/saaple ; 3 - pins  cf  the  attachment  cf  c peciaen/saaple;  4 - 

j ) 

ccapeneative  heater;  5 - cccler;  6 - iqsulaticn/isolation?  7 - 
screens;  8 - jacket  of  fcrnace;  9 - thermocouple. 

I 

:>] 

Fage  68. 

Secoqd  equation  gives  to  ns  the  experiment  without  current,  i 

carried  out  nqder  conditions  cf  naictaining  the  teaperature  constancy 
Ti,  which  can  be  provided  by  end  heaters,  lie  teaperature  of  furnace 
1*  also  must  be  constant.  < > 


thus,  we  have  two  egaations: 


<r.-u=[<r,-r.),-^]3Lrt4;  (3i7) 


<r.-Tj-<r,-rj.s!!r- 


i 


) 


l ) 


(3-18) 
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Bence  there  can  b«  found  of  expression  for  A and  a: 


; <3,9> 

lArch(Tr^r,J 

/•p  <!»_/' p ^ 

a—ip~r-spx 

w (7|  — T,),  — (7~»  — (3  20\ 

X (f5  - r.),  (77 - T.)t  - (7-,  - *■,),  <r,  - r.), 

the  version  of  treatsent/working  experinent  presented,  proposed 
by  Poet  [3-19],  is  not  connected  vitk  sack  stringent  requirements  for 
value  «•  which  are  characteristic  for  the  aetbed  of  Jager  and 
Diesselhorst.  Final  expressions  (3-19)  and  (3-20)  are  precise  ones 
and  can  be  used,  if  only  heat  enissicn  frpa  lateral  surface  linearly 
depends  on  tenperature.  It  is  certain,  these  expressions  are  less 
convenient  for  calculation,  than  Kchlraustffc *s  fcraula.  However,  this 
is  expiated  by  their  strictcess. 


Pott  ased  its  nethod  for  tie  investigation  of  heat-  aid  electrical 
conductivity  of  alloys  copper  - palladiua  in  the  range  of 
teaperatures  of  20-800°C.  .An  error  of  aeasuieacnt  of  the  coefficient 
of  theraal  conductivity  lie/rests  fcere  within  liaits  of  ±Jo/o. 


Kith  the  asyaaetric  fora  tenperature  curve  into  final  fornula, 
just  As  in  Jager  and  Diesselhorst,  instead  cf  T,  nust  be  introduced 


\^f\ 


T l T 

the  aean  arithmetic  values  cf  end  tempe rataxes  Ti—  — -T  — 


Faye  6 S . 


3-2.  Application/use  of  Kchlrausch's  method  at  high  temperatures. 


After  the  works  of  Jacer  and  liesselhcrst,  ty  its  system  of  the 
corrections  of  those  discovered  path  by  Ko b lrausch* s ideas  into 
teapeiature  range  before  several  hundred  decrees,  were  required  30 
years*  in  order  systematically  to  study  anc  to  experimentally  realize 
another  path,  which  made  it  possible  tc  master  even  higher 
temperatures.  It  was  proposed  by  Helm  [3-1]  during  the  development  of 
the  theory  of  electrical  contact.  The  eaissicn/r adiation  of  the 
character  cf  the  temperature  distributicn  ic  the  zone  of  contact 
area/sites  made  it  possible  to  establish  that  the  maximum  excess 
temperature  in  contact  spot  at  this  current  is  unambiguously 
determined  by  the  relatico  cf  heat-  and  electrical  conductivity.  It 
turned  out  that  for  the  contact  zone,  considered  as  specimen/sample 
cf  special  form,  Kohlrausch's  boundary  coaditicns  are  virtually 
satisfied  in  the  very  wide  range  ol  values  cf  the  maximum  temperature 
(even  during  transition  for  melting  poict) . 


Under  these  conditions  the  special  treetment/working  of  a series 


BOC  •*  78133103  PAGE  -3*-  . ( 

Wo 


c£  steady  states,  which  correspond  to  the  different  values  of 
currents,  makes  it  possible  to  calculate  the  value  of  relation 
fceat-and  electrical  conductivity  at  the  selected  teaperature.  The 
corresponding  speciaen/saaple  according  to  tela  aust  be  carried  out 
in  the  fora  of  cylinder  with  fine/thin  short  cress  connection  (in  the 
ceneral  case  - arbitrary  geometry).  It  is  certain,  in  the  zone  of 
crass  connection,  it  is  difficult  according  to  Kohlrausch*s  classical 
diagrta  to  organize  the  aeasureaent  cf  temperatures  and  potentials  at 
three  points.  But  this  it  ie  possitle  and  not  tc  sake.  To  more  much 
simply  attain  the  constant  teaperature  T0  in  the  thickened  zones, 
which  adjoin  the  cross  connection,  which  will  aake  it  possible  to  use 
differentiation  frea  the  upper  alternatinjg/varisble  liait  of  the 
integral  of  Kohlrausch  and  to  find  X/o,  pertaining  to  the  aaxiaua 
teaperature: 

r, 

-^-V***.  f ±dT.  (3-21) 

4 rl  * 

With  T0=const 


Page  10. 


Expression  (3-22)  is  aade  it  possible,  thus,  to  find  relation 
heat-  and  electrical  conductivity  in  the  experiment,  carried  out  in 


r 
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■axiamily  short  speciaen/saaple . Frca  overall  considerations  it  is 
clear  that,  other  conditicns  being  equal,  tie  decrease  of  the 
relative  length  of  speciaen/saaple  Bust  cacse  a relative  increase  in 
the  longitudinal  heat  flu*  in  ccapariscn  with  the  value  ofi  lateral 
leases,  and  thereby  evei  acre  precise  satisfaction  of  derivation 
conditions  of  initial  relaticnship/ratic  (5-2  1). 

Already  during  the  first  realization  ct  siiilar  experiment  [3-2] 
for  the  construction  of  calculated  relationship/ratics  v as  utilized 
the  teaperature  dependence  cf  the  lateiial  teinc  investigated.  This 
Bade  it  possible  to  avoid  difficultly  attained  direct  measurements  of 
maximal  teaperature  on  neck  and  to  aeasure  only  value  impedance  of 
the  Marking  zone  R.  It  is  easy  to  show  that  in  the  case  cf  the 
parabflic  course  temperature  curve  cn  neck  its  impedance  with  the 
overheating  of  the  center  cf  speciaen/saaple  relative  to  end/leads  to 
value  ti  = Tm  — To  is  concocted  aith  resistance  'Is^RfT*)  by  the 
relationship/ratio 

#=#.(!+ 4 ml),  (3-23) 

where  a= 1/p0«dp/dT. 


From  (3-23)  and  (3-21)  it  is 

‘(T--)  (V'») 
~dJT- 


pcssitle  to  cktain 

(3-24) 


$ 

I 

» 

I 

t 

*1 

k 

.) 

> 

) 


Thus,  by  knowing  the  teaperatere  dependence  of  resistivity  and 


1 
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after  Measuring  the  dependence  of  resistance  of  speciaen/saaple  on 
the  applied  stress  V in  steady  state,  it  is  feasible  to  calculate  the 
coefficient  of  thernal  conductivity,  the  diagraa  of  experiaent, 
dictated  by  relationshiy/ratio  (3-24),  was  subsequently  used  in  the 
series  of  the  works  of  Ratler  [3-3- 3-5]  and  Yurchak  [3-6]*  It  aust  be 
noted  that  in  these  works  the  derivative  d(  V*>/dB  was  replaced  by 
the  relation  of  final  increases  in  value,  i.e.,  v*/(B-h0),  which, 
generally  speaking,  is  connected  with  known  errer.  It  indicated 
already  Hola  [3-1],  who  profesed  experiaeatally  reaoved  the  curve 
H ( ?*)  before  treat aent/werk i ng  "tc  level  pfi*  taking  into  account 
functions  p (T)  and  X(T). 

Eage  71. 


in  the  sufficiently  low  teaperatute  range,  these  fundtions  can 
be  described  by  linear  dependences  and  the  right  side  of  equation 
(3- ?21i  is  reduced  .to  the  pclyaeaial 

which  aakes  it  possible  to  calculate  Sola's  corrective  fad  tor.  it  is 
located  froa  the  equality 


_ V*  , « + f 3 

—n-k,  y + — 


(3-25) 


In  these  expressions  |=1/X«dX/d1. 
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Page  72. 

Here  h - external  theraal  conductivity  [prcduct  h(T-t0)  gives 
the  heat  flux,  lost  froa  the  unit  cf  the  surface  of  neck  into  the 
surrounding  space];  b - length;  a * radius  cf  reck. 

In  equations  (3-27)  and  (3-26)  it  is  assuaed  that  »a/2b<0.25. 

Thus,  as  a result  of  lateral  teat  exchange  calculation  of 
theraal  conductivity  according  to  fcraula  (1-24)  gives  the  values, 
overstated  approxi aatel y 1/1-C  once. 

Decreasing  shape  factor  b*/a,  in  principle  it  is  possible  the 
effect  of  heat  exchange  tc  take  by  unessential. 

The  described  aethcd  vas  used  for  the  first  tiae  by  Hola  and 
Shtcraer  during  the  investi cat icn  cf  the  theraal  conductivity  of 
platicua  in  the  range  of  teaperatures  of  1S-102C°C  [3-2].  Used  by 
then  the  ccnstruction/design  of  working  section  is  given  to  Pig.  3-2 

Speciaen/saaple  was  grcoved  aade  cf  platinua  cylinder  with  a 
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<and  length  ) 

diaaeter  of  to|\25  as  in  long.  Beck  had  diaaeter  0-7  and  length  5 an. 
For  the  prevention/warning  cf  the  aechaaieel  caaage  cf  cross 
connection,  the  sp  eciae  r/sa  iplc  additiciall)  was  centered  in  two 
tightened  by  insulator  guide  bushes.  The  butt  ends  of  the 
speciaen/saaple  were  beguc  pressing  intc  holders  - the  nickel 
cylinders,  into  which  were  screwed  the  current  inputs.  Two 
potentionetric  derivations  and  tfcei aoccup les  Bade  it  possible  to 
acnitor  the  value  cf  operating  voltage/stress  and  teaperature 
constancy  I„. 


The  error  of  aeasureaent,  calculated  as  BUS  value  of  the  sua  of 
individual  errors,  did  tet  exceed  «.2.7c/o  with  1020°C.  The  basic 
coqtributicn  to  error  gives  in  this  case  the  inaccurate  knowledge  of 
the  teaperature  coefficient  of  electrical  resistance  Aa/«  (2.4o/o). 
The  error,  connected  with  calculation  by  the  derivative  d<Vz)/dR,  the 
authors  estinated  by  value  elo/o. 


In  the  works  cf  Katler  and  other  researchers  [3-3-3-S]  the 
aethod  indicated  was  realized  (it  is  independent)  at  higher 
teaperatures. 
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Fig-  3-2.  Working  section  cf  the  installation  cf  Hole  and  shtoraer 
[3-2]*  1 - speciaen/saa fie ; 2 - potenticaetric  derivations;  3 - guide 
hush;  4 - sample  holder;  5 - current  inputs;  6 - theraocou pie;  7 - 
insulator. 


Page  13. 


So*  the  measurements  of  Lcrentz  nuifcec  cf  iclytdenum  and  tungsten  it 
wa^  possible  to  conduct  in  the  ranee  of  teeperatures  of  1000- 1700°IC. 


•gain  let  us  note  that  the  proposed  by  Helm  approach  implies  by 
known  the  temperature  dependence  of  resistivity  and  requires 
comparatively  small  overheatings  6.  If  it  would  be  possible 
sufficiently  accurately  directly  measure  the  maximum  temperature 
Ta»0,  theq  these  limitations  it  would  be  possible  to  remowe/take. 

This  Attempted  to  make  Kcpkins  [3-7,  3-8].  His  experimental  procedure 
is  instituted  directly  on  eguation  (3-22)  end  includes  the 
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leasuremen t of  maximum  temperature  by  optical  m icropyr ometer. 
Size/dimensicgs  of  neck  00. 193x0. £ ib.  The  measurements  of  Hopkins 
for  platinua  cover  temperature  interval  of  1200-2300°C.  These  are  the 
caly  work,  which  contains  direct  measurements  cf  Lorentz  nuaber 
platinum  its  higher  thar.  lelting  point. 


In  work  [3-8]  Hopkins  and  Griffis  undertook  the  atteapt  to 
experimentally  investigate  the  systematic  error,  connected  with  heat 
losses  in  the  zone  of  neck.  For  this  purpose,  were  carried  out  the 
measurements  in  vacuum,  air,  qitrocen  and  tydroccq.  If  the  first 
three  experiments  in  the  distance  the  .virtually  the  same  values  of 
lorentz  numbers,  then  experixents  in  hydrogen  were  characterized  by 
the  overestimate  of  the  measured  values  for  8-ICo/o.  Hence  the 
authoES  drew  a conclusion  about  the  noticeable  effect  of  lateral 
losses  under  specific  conditions  of  experiient.  Calculations  in  this 
case  most  be  constructed  taking  the  correction  into  account  for  heat 
exchange. 

Concluding  the  discussion  cf  these  variations  in  Kohlrausch's 
method,  one  should  all  the  same  emphasize  seme  fundamental 
difficulties  of  their  realization  in  the  range  cf  very  high 
temperatures.  Host  effective  here  ceuld  be  the  direct  method. 
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T™  here  - very  difficult  problem.  Complexity  lies  in 
the  temperature  distribution  is  characterized  t y very 
gradients  and  that  the  ranee  of  firite  dimensions,  in 
be  possible  not  to  consider  these  gradients,  there  is 
if  no  we  we  attempt  it  to  create,  then  we  ixaediately 
initial  messages  of  met  tod). 


the  fact  that 
co nsiderable 
which  it  would 
virtually  (but 
disrupt  the 


1 


tage  >74. 

To  this  it  is  necessary  to  add  and  that  that  in  the  realisable 
ccgstruction/designs  it  is  possible  to  work  crly  with  surface 
emission/radiation,  i.e.,  with  the  temperature  krightness  whose  value 
is  characterized  by  the  known  indeterminancy/uncertainty  of  radiation 
coefficient  due  to  reflecticns  cn  walls.  This  is  connected  with  the 
advent  of  difficult  to  the  systematic  error  considered,  its  for  each 
cf  the  materials  being  investigated. 

Final ly , preservaticn/retenticn/maintaining  itself  in  an 
experiment  in  geometry  and  size/di xersiens  cf  neck  at  high 
temperatures  is  converted  into  the  difficultly  solved  problem. 

3-3.  method  of  the  heat  balance  of  uortinga-Csf erne. 

'I 


J 
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lncng  the  ways  of  realizing  the  high- teaperature  leasureients  of 
theraal  conductivity  very  enticing  is  the  use  of  siaple  experiaental 
eguipaent/device,  which  consists  cf  the  cprductcr,  heated  current  to 
the  high  temperature  in  the  cold  vacuua  caaera/cbaaber.  Koblrausch's 
theory  is  not  here  used:  are  great  and  significantly  nonlinear  heat 
losses  froa  lateral  surface.  However,  info  nation  about  theraal 
conductivity  can  be  obtained  directly  froa  the  equations  of  heat 
balance  for  the  finite  segaent  of  speciaen/saaple. 

One  of  the  first  weeks  in  this  direction  was  the  investigation 
cf  VoEthing,  carried  out  in  1914  [3-21], 

The  aethod,  used  by  it,  is  instituted  to  analysis  of  the 
teaperature  distribution,  which  appears  near  the  bearing  edge  of  the 
fioe/thin  netallic  filaaent,  heated  by  electric  current  in  vacuua.  As 
is  shown  calculation  and  ccnfiras  experiaent,  the  teaperature 
distribution  along  long  unifon  filaaent  is  characterized  by  a 
CjCapazatively  flat/plane  teaperature  area/site  in  its  central  zone 
and  by  a sharp  decrease  in  the  teaperature  rear  the  bearing  edges  of 
end/leads,  by  the  caused  diversicn/tap  cf  teat  flew  to  then.  These 
flaws  are  in  the  work  of  Horthing  kith  the  urktewn  value.  Their 
deteraination  is  possible  cn  the  basis  cf  the  study  of  energy  balance 
for  the  finite  segnent  cf  filaaent  L,  undertaken  between  the  center 
cf  filaaent  (point  of  the  aaxiaua  cf  teaperature)  and  by  the  selected 
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vocking  section. 


■It  is  obvious  that  isolated  by  electric  current  I on  this 

L 

section  poser  Q„  = /*tf  = /*J  p(r)S-'dr  is  egoal  te  the  scs  of 

0 

longitudinal  heat  flux  Qx  cf  section  x*L  sad  cf  heat  losses  by 
•sission/radiation  free  the  lateral  surface  of  this  section 
Q.  = *D  jq>(T)dx. 

Page  75. 


taking  into  account  this  calculated  relaticrship/ratio  for  the 
coefficient  of  thersal  conductivity  cap  be  kritten  in  the  fors 

L 


i(Tt)  = 


4j[4-/*op(0-e.(r)] 


dx 


n dT 

d*  x»L 

(3-28) 


I — I 

share  i - a current  density  in  filasent;  B - its  diaseter*  |d*  Lt  - 
the  egperiaentally  obtained  value  cf  the  gradient  of  the  tenpecature 
in  the  section  being  investigated;  p{ T)  - resistivity;  9 AT) 
specific  heat  losses  by  ei issicn/r adiat ion . 


last/latter  two  values  are  deternined  with  the  aid  of  the 
speciSl  experiment,  instituted  cn  the  aeasuiesert  of  the 
axpenditure/consua ption  of  electrical  energy  cn  section  with  constant 
tenperature.  Here  dl/dx*0,  and  entire/all  energy,  isolated  by 
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current,  is  expend/conscmed  on  emissioq/radiaticn.  Thus, 

4»(r)—Zlir  (3-29) 

and 

P(n  = ^£.  (3-30) 

mhere  1 - distance  between  potential  derivations;  W - potential 
difference. 

The  sioultaneous  measurement  by  the  optical  pyrometer  of 
temperature  brightness  lakes  it  possible  tc  relate  the  obtained 
results  to  the  specified  temperature  conditions. 

Thus,  block  diagrai  of  the  experiment  cf  worthing  consists  of 
the  fallowing  cell/elements : measurement  p (l)  aid  q,(T)  on  section 
with  the  constant  temperature,  measurement  T(x)  in  the  tome,  agitated 
by  thd  place  of  stopping  up,  and  a p pi icatic n/use  obtained  previously 
p ( T)  tnd  q,(T)  f*r  the  ccmpositict  of  the  energy  balance  of  the 
sectign  0-L  iq  guestion. 

florthing  carried  out  tte  lease  re meets  cf  the  coefficient  of  the 
thmrmtl  conductivity  of  tungsten  (iq  tte  rarge  cf  temperatures  of 
150(J-2500oK)  , of  tantalum  ( 1700-2  1 00°K)  , of  graphite  ( 17 CO-2  100®K)  . 


Page  76 
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Is  later  for  the  investigation  of  tungsten  < 1 1CC-2000°K)  and  of 
tolybdenua  (1200-1 900°H ) this  aethod  vas  allied  by  Osborne  [3-22]. 
lo  Worthing  ~ Osborne's  aethod  in  its  essence,  adjoins  the  version  of 
treataent/working,  proposed  Budkin,  Farker  end  Jenkins  [3-23],  the 
initial  differential  eguaticn  (1-4C)  they  rccord/write  in  the  fora 
^.d^l^Ly^X(l»R-P»oT*)dT,  (3-31)  ■- 


nkere  B=p/s,  and  they  integrate  eithin  liaita  fcoa  Tn  to  TL,  where 
Tm  - teaperature  in  the  center  of  long  filenent  (with  dT/dx«=0)  ; TL- 
- teaperature  in  the  verking  secticn  being  investigated.  Calculated 
relat4cnship/ratio  under  the  assuaptiog  of  linear  dependence  X(T)  is 
cb vioas: 


X1Tl)  = -T  Z$J  (3r)t'*j  W-Pri*)*.  (3-32) 


The  value  of  the  coefficient  cf  theraal  cc nductivity,  undertaken 
at  certain  aean  teaperatare  ^c.  is  deternined  free  the 
celationsh ip/ratio 


• L 

f (T-Tm)V'fi-P*T*)dT 

r8fr“l  + iTO"£  A • <“» 


f (PR- 

*« 


dT 


In  the  first  approxiaation,  this  valec  can  be  accepted  for  unit, 
aad  then,  after  deteraicing  X(l),  tc  intrpdccc  the  necessary 


1 


J 


a 


JL  A 


r 
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correction.  For  the  calculation  of  the  coefficient  of  thermal 
conductivity  here,  as  of  Northing,  it  is  necessary  tc  study 
temperature  distributior  cn  the  section  of  filairent,  which  adjoins 
tJie  center,  aqd  in  accordance  with  it,  by  ctildzing  dependences  p(T) 
and  t(T),to  calculate  the  value  cf  integral.  The  gradient  of 
temperature  is  determined  by  dif ferenti cticn  of  experimental  curved 
T(x)  . 

ly  the  described  method  are  carried  oct  the  measurements  of 
thermal  conductivity  and  series  of  ether  properties  of  tengsten, 
■clybdenum  and  rhenium.  The  maximum  temperature  it)  experiments 
composed  2800°K.  An  error  cf  measurement  the  authors  estimate  by 
value  ,+  10o/o. 

Eage  77. 

The  results  of  this  sork  detect  essential  disagreement  with  the 
data  $f  Northing  for  tungsten  and  csborne  fer  molybdenum.  The 
last/latter  measurements  cf  the  properties  cf  these  materials  make  it 
possible  tc  rate/estiaa te  the  results  cf  Berthing  as  erroneous.  The 
temperature  dependence  cf  the  thermal  conductivity  of  molybdenum. 


1 


J 

l 
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obtained  by  Osborne,  also,  apparently,  is  distorted  by  systematic 
errer^  This  is  not  random.  The  method  cf  the  optical  pyrometer,  as 
wms  called  its  Northing,  ic  spite  cf  clarity  cf  theory  and  potential 
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efficiency,  requires  careful  experimental  realization  and  delicate 
tseatment/uorking.  It  is  toe  vulnerable  frci  the  side  of  a number  of 
factors,  difficultly  ccntrclled  in  experiment  itself.  Among  then  it 
is  possible  to  call/naae,  fer  example,  the  requirement  of  the 
geometric  and  physical  unifermity  cf  specimen/sample  over  its  length. 
And  if,  let  us  say,  it  is  pcssible  tc  the  experiment  to  control  the 
cpqstmncy  of  thread  diaieter  over  its  length,  then  to  check  the 
pzmservation/retention/iaintaining  of  the  cne  and  the  sane 
temperature  dependence  cf  eiissivity  alcqg  the  length  of  filament  is 
virtually  impossible  (especially  ir  the  case  of  its  nonotonic 
changa) . As  show  contemporary  investigations,  kith  the  vacuum,  with 
which  worked  Northing  ard  Osborne,  at  the  specific  temperatures  can 
he  observed  a time/temperary  change  in  eaissivity  factor. 

A disadvantage  in  the  vethod  is  the  iapcssibility  of  measuring 
the  actual  temperature.  Experiment  gives  intonation  about  the  field 
cf  temperature  brightness  in  specimen/sample. 

Bor  the  calculation  of  flow  distribution  cf  heat  along  the 
length  of  filament  by  the  knowledge  cf  temperature  brightness  it 
would  be  pcssible  to  be  restricted  (when  dc  not  act  the  factors, 
mentigned  above),  since  experiment  regarding  specific  resistance  and 
radiant  losses  makes  it  possible  tc  unambiguously  connect  these 
values  precisely  with  it.  However,  the  determication  of  the 
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longitudinal  gradient  o£  teiperatures  requires  the  knowledge  of  the 
field  cf  actual  tenperatures,  since  tie  gradients  of  true  and 
tenpezature  brightness  are  not  equal.  Hence  the  need  for  the 
knowledge  of  nonochronat ic  caissivity  factci  cf  eaterials, 
determined,  as  a rule,  in  other  spcciien/saiples , under  other 
experimental  conditions.  Sc,  Worthing  utilised  during  prodessing  of 
its  results  data  according  to  emissivity  factor  cf  Mendenhall  and 
Forsythe  [3-24],  but  Ostorne  drew  the  results  cf  the  neasureuents  of 
Worthing  [3-25].  The  possibility  of  introduction  into  the  result  of 
s.ysteuatic  errors  is  here  otviccs. 
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Page  78. 

Istiaating  the  temperature  boundaries  cf  ucrtinc  - Osborne's 
method,  it  is  possible  to  note  that  obtaining  tie  reliable  values  of 
thernal  conductivity  at  the  tei per atures,  clcse  to  the  maximum 
teaperature  iq  the  center  cf  s peci ten/saap le , is  iapcssible  in 
principle.  This  is  connected  vith  the  rapid  grovth/fcuild-a p of  an 
error  in  the  determination  cf  longitudinal  teat  flux  during  the 
decrease  of  the  working  secticr  0-1:  difference  in  sguare  brackets  in 
the  nnierator  of  expression  (3.28)  rapidly  vanishes  vith  the  increase 
of  the  values  of  each  of  its  terns.  In  this  case,  each  of  the  tens 
to  different  degree  is  sensitive  tc  the  errer  in  the  determination  of 
teaperature,  which  is  caused  by  different  fens  cf  teaperature 
dependences  p(T)  and  q$(T).  Grew/rises  an  error  cf  aeasureaent  of  the 
gradient  of  the  temperatures  during  the  decrease  of  its  value.  All 
this  leads  to  the  fact  that  the  reliable  values  of  the  coefficient  of 
theraal  conductivity  can  be  obtained  only  for  the  sections  of 
spaciaen/saaple  whose  tie  teaperature  cn  1CC-150°C  lover  than  aaxiaua 
teaperature  Tn  of  experiaent.  The  latter  in  turn,  is  liaited  by  the 
phenoaena  of  subliaatior  and  theraal  creep  cf  the  aaterial. 


r 
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Higher  temperatures  can  be  reache  d by  tie  ■ethods,  instituted  on 
the  axalytical  description  cf  the  distribution  of  the  temperatures  of 
the  filament,  heated  by  electric  ccrrept.  Specifically,  in  that  range 
cf  maximum  temperatures,  where  the  talance  letbed  of  Wort|ng  leads  to 
large  errors,  the  accuracy  cf  the  analytical  description  temperature 
curve  grow/rises.  This  offers  new  p ossibil i ties  for  a qualitative 
high-temperature  expedient. 

3-4.  lain  directions  of  practical  realization  at  ideas  of  Jane  and 
Krishnan 

As  was  shown  in  Chapter  1 seme  sections  of  of  heated  by  the 
current  of  the  rod,  losing  beat  by  radiaticr,  uider  specific 
conditions  allow/assume  the  very  simple  analytical  form  of  the 
description  the  temperature  curve.  If  red  is  sufficiently  short,  then 
rear  its  middle  temperature  field  is  well  approximated  by  quadratic 
parabola;  but  if  it  is  lcog,  then  is  valid  exponential  dependence. 

This  fact  was  the  basis  cf  the  develppxent  of  a series  of 
experimental  procedures  for  studying  the  thermal  conductivity  of 
conductors. 


Page  T9. 
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ior  understanding  cf  block  diagram  and  validity  of  experiments, 
we  somewhat  convert  the  differential  equation,  which  describes 
temperature  field  in  conductor  with  current  and  the  radiation  losses: 

23?“  — ^)+/,j5;=0.  (3-34) 

As  basis  for  conversion  can  serve  the  identity,  valid  for  the 
unit  (ft  the  length  of  infinitely  long  filament  with  the  current: 

qv  CJ  = l‘ir  = 'SP  [TJ  = e (TJ  3 [Tl  - r4!,  (3-35) 

where  <M7,»)  - heat-liberation  value  in  the  conductor,  heated  to 
temperature  7.  by  current  with  a density  cf  i. 

After  replacing  in  eguaticn  (3.34)  heat  release  with  the 
equivalent  value  of  heat  losses  in  (3.35)  and,  furthermore,  after 

addding  and  after  taking  away  tern  PtzT'  J IS,  we  will  obtain  when 
«(7'J  = «4  p(7j=p: 

(3-36) 

where  7™*  - maximum  temperature  in  the  center  cf  final  filament  at 
this  Current  I;  Tm  - temperature  which  would  be  establish/installed 
at  thjs  point  with  this  current  with  the  unlimited  increase  in  the 
length  of  filament;  T - temperature  cf  the  section  of  filament  in 
qamsti.cn  with  coordinate  m. 


V 
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the  sense  of  all  these  teiperatures  it  is  convenient  to 
illustrate  by  the  curve/graph  (Fig.  3.3),  atich  depicts  the 
dependence  T'm*  on  the  length  cf  filatent  t at  the  fixed  value  of 
temperatures  on  end/leads  and  constant  value  of  current  I.  flax  i hub 
temperature  T'm*  first  giou/cises  proportiomal  tc  the  square  of  the 
length  of  specimen/sample,  then  changes  on  ccapcund  curve  uith  bend 
and,  finally  asymptotically  approaches  a direct/straight,  parallel 
axis  ?f  abscissas  and  by  that  corresponding  7«. 
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Fig.  3.3.  Dependence  of  the  aaximui  tanperatcre  in  conductor  with 
cacrent  on  the  length  of  conductor  at  the  constant  value  of  current 
and  the  fixed  values  of  teaperature  cn  touccaries. 

Fage  8G. 
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Thus,  by  changing  the  length  cf  filaaert,  it  is  possible  over 
wide  linits  to  change  difference  T m — T^.  If  T*  —T*<^T*—Ti  .then  the 
third  tern  in  eguation  j 3. 36)  can  he  disregarded,  and  fron  the 
scluticn  of  the  obtained  equation  tc  find  expression  for  the 
coefficient  cf  the  therial  conductivity: 


1 = 


P»  0 

Is" 


Tmk-T 


X*. 


(3-37) 


Vhis  fornula  was  utilized  in  their  eKpeciaeots  cf  Krishan  and 
Jane.  The  use  of  identity  (3.35)  aakes  it  possible  tc  obtain  it  in 
another  forn: 


1 = 


p ('*  -'?> 
23*  • ar 


JC*. 


(3-38) 


j 

j 

> 

J 

) 
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Here:  I - operating  cvrrent,  ft  I,  - current  which  woold  be 
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necessary  in  order  for  the  continuous  filamtnt  cf  the  sane  geometric 
and  physical  parameters  to  ensure  temperatmre  equal  to  the  value  of 
the  temperature  maximum  cf  short  filament; 


formula  (3.38)  was  tie  basis  cf  tbe  experimental  investigations 
cf  thermal  conductivity,  carried  out  by  V.  V.  Lebedev,  V-  S- 
Gumenpuk,  and  V.  Ye.  Ivancv  [3-26].  Taking  intc  account  identity 
(3-351  both  calculated  relationship/ratios  can  te  written  in  the  form 


vhere  qv{Tm,)  - heat  release  in  the  infinitely  long  filament, 
supplied  by  the  same  current,  as  short  filamcot,  or,  which  is  the 
same,  the  value  of  lateral  losses,  in  reference  to  the  unit  volume  of 
conductor  under  these  conditions;  qr(Tmt,)  — beat  release  in  the 
infinitely  long  filament,  heated  tc  the  temperature,  equal  to  the 
maximum  temperature  of  sheet  filament. 


The  essence  of  experitent,  thus,  is  of  the  establishment  of  a 
series  of  the  relationship/ratios,  which  ccypose  the  nomegram, 
presented  in  Fig.  3-4. 

Page  81. 

In  experiment  with  tie  sufficiently  lctg  a pmcimen/sam pie  of 
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measurement,  they  sake  it  possible  to  esta t lisb/instal 1 
co amun icat ion/conn e ctio r between  tie  teaperatcre  7*  and  the  physical 
properties  of  substance,  which  determine  heat  release  in  it  and  the 
dissipation  of  energy  with  its  surface;  This  experiment  gives 
single- val ued  con unicaticq/connection  between  current  I and 
teaperature  Tm,  current  and  heat-literation  value,  current  and  heat 
losses. 

Experiment  with  short  speciaec/saaple * that  constitutes  the 
strict  part  of  the  eiperiiert,  consists  in  the  acasureaent  of  the 
teaperature  distribution  in  the  central  zoqe  of  speciaen/sanple  (T  (x) 
aad  of  operating  current  I,  which  feeds  spcciaea/saaple.  Through 
derating  current,  utilising  data  of  tte  first  experiment,  ve  find 
<?v(7.)  on  the  aeasureaent  of  aaxiaua  teaperature  Tmk  with  the  aid  of 
curve/graph  /(7»)(the  right  side  of  the  ccacgrai}  we  find  the  current 
It  (which  during  long  filaaent  would  ensure  7«=7m»),  while  on  current 
l|j  we  deternine  qv(TmJi)  Ihus,  with  good  running  of  the  treatment  of 
experiaental  aaterial  basic  errors  are  deterained  by  an  error  of 
aeasureaent  y and  by  the  fera  of  functioral  ccnnection  qv(T). 

One  should  focus  attention  on  the  degree  of  approximation  of 
calculated  relationship/ratios  both  in  V.  v.  of  Lebedev  and  of 
Krishoan  and  Jane,  connected  with  certain  irdeterainancy/uncertainty 
cf  eaissivity  factor  or  resistivity.  For  aany  aatarials  the 


4 


parameters  indicated  frca  powerful  degree  Attend  ca  teaperature.  The 
fera  <pf  equations  (3.37)  and  (3.38),  it  is  logical,  assumes  the  use 
cf  the  averaged  values  cf  ttese  cceff iciemts.  It  can  seen  on  first 
glance  that  the  interval  cf  averaging  is  a cc ap aratively  saall 
difference  in  the  temperatures  Tmk—T.  However,  the  analysis  of 
derivation  makes  it  possible  to  assert  that  the  interval  of  averaging 
is  range  T^  — T^.  calculations  show  that  its  value,  necessary  for 
providing  the  conditions  of  parabolic  distribution  [saallaess  of  the 
third  tern  of  equation  (3.36)  ],  cap  reach  several  hundred  degrees. 

Ihe  advantage  of  formula  (3.39)  is  here  obvious!  into  it  are 
introduced  the  local  inportance  of  tfce  corresponding  paraaeters. 
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Fig,  3.4.  Nonogram  of  ccaaucicaticn/conceaticns,  adjustable  on 
different  stages  of  experiaent  in  the  sethcd  of  the  heated  filament. 


Page  82. 


■hen  it  is  not  possible  tc  prepare  sufficiently  long 
speciaen/saaple,  it  is  possible  tc  measure  the  coefficient  of  thermal 
conductivity  in  experimental  data  with  two  short  speciaen/saaples  of 
different  length  [3-27],  (Each  of  thea  lust  as  teforc  satisfy  the 
requirements  of  the  smallness  of  length). 


St  is  real/actual,  (3.39)  it  is  possible  tc  write  in  the  fora 


where 


Tmk  — T = axi, 

1v  (^oe)  — 1v  {Tmh) 


After  obtaining  of  two  experiment^  at  and  a>v  it  is  easy  to 
calculate  the  coefficient  of  the  thermal  ocrductivity: 


I 
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i ^ v V (^2))  ~ IVy  (7ml(1)  — qv  (^mlj 

2"(ai  — as) 


If  are  examined  twc  experiments  with  the  identical  strength  of 
heating  current,  then  expressicc  it  the  first  brackets  in  numerator 
beccaes  equal  to  zero;  at  equality  aaxiaua  temperatures,  is  equal  to 
zero  expression  in  second  brackets.  The  seccqd  version  of  treataent 
has  widely  applied  by  V.  V.  Lebedev,  V.  S.  Cuaenyuk,  and  V.  Te. 
Ivanov  [3-26]  during  the  invest iga ticns  of  the  thermal  conductivity 
cf  tantalua,  aolybdenua  and  tungsten. 


Relationship/ratio  (3. HI)  is  correct  crly  for  short  filaments, 
i. e.,  if  is  fulfilled  tie  ireguality 


T'  —T*<zT'  -T* 

»»  ^ » »«• 


This  condition  substantially  Units  the  teiperature  limits  of 
the  proposed  method.  The  aaxiauc  value  cf  teaperature  Tx,  at  which 
still  can  be  obtained  the  values  of  electrical  resistance^  is  the 
pyroaetric  cone  equivalent  and  beginning  cf  the  irreversible  theraal 
defer  nations.  In  proporticn  to  the  aFpraacb/approxiaat ion  of  the 


teaperature  of  the  center  cf  filaaent  Tmk  to  teaphrature  7"-npeji 


the  area  of  action  of  parahclic  law  continccosly  beccaes  narrow. 
Thus,  for  instance,  if  r.=3000°K,  and  Tmv*  2 700°K,  then  so  thht  the  left 
side  ft  inequality  (3.4.)  vculd  not  exceed  lOo/c  the  right 


r 
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temperature  T aust  not  be  less  than  267C°K.  Thus,  the  temperature 
interval  within  liaits  cf  which  aust  be  ofctsinec  basic  experimental 
data,  aust  not  be  aore  that  30°K. 

Ea^e  63. 

It  is  logical  that  the  cete rmieaticc  in  this  range  of  valaes  a is 
connected  with  considerable  errors,  lo  obtain  at,  reliable  results  at 
the  temperatures,  which  approach  on  100-20C°C  laximum  ones,  during 
the  use  of  this  method  is  iapossible  in  principle. 

The  ccaplexity  of  a sufficient  reliable  aeasureaent  pf 
temperatures  in  the  zone  cf  small  in  value  juap/drop  in  the  center  of 
speciaen/saaple  forced  the  authors  of  the  named  above  works  to 
develop  the  new  aodification  of  method  [3-28],  instituted  on  the 
study  of  the  electrical  resistance  of  working  section.  Initial  idea 
is  siaple:  if  the  resistivity  cf  material  depends  on  temperature, 
then  at  the  known  law  of  the  temperature  distrilution  in 
speciaen/saaple  in  the  value  of  resistance  it  is  possible  to  aake 
quantitative  conclusions.  Without  giving  here  intermediate 
lining/calculations,  let  cs  write  tte  final  expression,  which 
cornedts  value  a in  expression  (3.40)  with  the  electrical  parameters: 
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(3-43) 
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Here:  R - resistance  of  secticn  by  length  under  conditions 
cf  working  temperature  field;  - resistance  cf  the  same  section  at 
coqstant  teaperature  over  its  length,  equal  to  T pm  - 
corresponding  value  of  resistivity;  p=-i-.||L__  teaperature  coefficient 
cf  electrical  resistance,  received  in  constant  within  the  liaits  of 
working  teaperature  interval. 


Por  an  experiaent  » it h two  sheet  specinen/saaples  at  the 
identical  teaperature  of  center  T ^ calculated  expression  for  theraal 
conductivity  will  take  the  fcri 


With  entire  attractiveness  of  a siailar  prccedure,  it  is  not 
possible  to  overestiaate  its  advantage.  £s  Achilles  its  heel  - in  the 
need  for  "driving  in"  teaperature  curve  ia  its  place  between 
potential  diversiop/taps  after  a change  in  the  length  of 
s p eci me  n/sa  a p le . 


Page  84. 

Derivation  (3.44)  assumes  that  neither  character  the  curve  nor 
coerdlnate  of  aaxiaua  with  respect  tc  the  places  of  fixation  of 
potential  derivations  dcriqg  the  exchange  cf  speciaen/saaple  change  - 


r — 1 

i 
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the  requirement,  difficultly  feasible  in  practice. 

Estimating  the  possibilities  cf  the  sctbod  of  parabola,  one 
cannot  fail  to  say  about  tie  reliability  cf  these  measurements  which 
give  basic  information  for  the  calculatioa  cf  thermal  conductivity. 

i 

Is  we  already  spoke,  strictly  experiment  regarding  thermal 
conductivity  consists  of  the  aeasuieaent  of  the  temperature 
distribution  in  the  zone  of  its  maximum,  tie  obtained  points  in 

coordinates  T,nk—T  and  x*  serve  for  determining  value  a,  which  is  ( 

usually  located  through  the  slope  tangent  kj  that  smoothing  straight 

i 

line.  During  this  treatment  one  ought  pet  tc  forget  that  this 
straight  line  exists  only  a first  approximation  to  the  real  fora  of 
dependence  Tmk—T=f(*)ln  each  specific  case  are  necessary  their 
estimations  of  the  admissibility  cf  this  a p picach/approxination.  It 
is  rell/actual,  even  during  satisfaction  of  condition  (3.42)  one 
should  remember  that  free  the  surface  of  filament  is  lost  the  heat, 
and  consequently,  in  initial  differential  equation  necessary  to  leave 
thm  term,  which  expresses  ccaaunicatioq/conrectioa  of  the  heat  losses 
with  temperature.  In  linear  approach/approximatioa,  introducing 
constant  on  the  section  beitg  investigated  teat-transfer  coefficient 
a,  we  come  to  the  distribution  of  the  tempc rate  res  of  the  form 

Tmk-T= (ch  ( kx ) - 1 ).  (3-45) 

ch  — s— 


DOC  ^ 78133104 


PACE 


where  k — ^ ^ _‘^L;  d - thread  diaaeter;  L — length  of  the  section 
cn  end/leads  of  which  T=T0,  while  in  aiddle  when  r=0  T=Tmh. 

After  expanding  hypertclic  cosine  ig  a series*  we  will  obtain 
the  fallowing  expressior: 

_^!1^  = a + l|,x,+  -"=a(>  + n^+...|).  (3-46) 

where 


Thus,  calculated  relaticnship/ratic  (3.38)  aust,  strictly  speak 
with  the  ccntracticn  of  the  length  cf  working  section  Ax  to  zero. 


Fage  65. 


Meriting  in  practice  with  the  section  of  the  finite  length  x and  the 
fiqite  range  of  teaperatures  AT,  we  overstate  value  a on  ^ x".  This 
error  acts  to  the  side  cf  the  understating  cf  data  on  thesaal 
conductivity  is  greater,  the  wider  the  operating  range  T^—T  and  than 
higher  absolute  value  of  tevperature.  Thus,  fer  instance,  in  work 
(3-26]  for  the  rod  of  tantalua  with  a diaaeter  cf  1 aa  working 
section  reached  x-=^"0i3  ca,  and  the  teaperature  drop  AT,  on  which  was 
studied  a,  it  was  equal  to  200°K  w hen  Xn*- 1 875°K.  According  to  rough 
cstiaate  for  this  case,  it  is  possible  to  accept  a*9.«*10-J 
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B/  (cn*«deg)  and  k*=0.89  1/cn*  (all  values  ere  designed  on  the  data  of 
work  £3.26].  Then  the  possible  errer  it  dete ci i cation  of  a coiposes 
<?.74o/c  with  x*=0.  1,  1.48o/o  with  *2=0.2  and  2. 22o/o  with  **=0.3.  The 
iacrease  of  lean  temperature  of  the  section  being  investigated  to 
2500°k)  (k*=2.72)  will  lead  to  the  systematic  errors,  equal  to  with 
respeat  2.27;  4.54  and  f.8o/o.  It  is  possitlc  tc  assuie  that  the 
understated  data  on  the  thermal  conductivity  of  aolytdenua  and 
taqtahua,  obtained  in  works  [3.26-3.30],  are  connected  precisely  with 
this  fact. 

It  should  be  noted  that  in  expedient  kith  two  short 
speciaen/sanples  it  is  possible,  apparently,  tc  partially  exclude 
errer  in  value  a,  since  intc  calculation  is  introduced  difference 
a4-a*/ 

Iquation  (3.36)  leads  to  interesting  results  not  only  in  the 
case  cf  very  short  speciaen/saaples,  bat  alec  in  the  case  of 
suffidiently  long  filaaents.  Be  saw  (see  rig.  3.3) that  with  an 
iacrease  in  the  length  of  conductor  the  difference  T*,—Tnh  can  be 
aade  how  convenient  to  snail.  This  aakes  it  possible  to  disregard  the 
second  tern  iq  (3.36).  Linearizing  frev  a krewr  manner  the  third 
texa,  we  will  obtain  equation  cf  tie  type 


dx?  * 


(3-47) 


Face  £6. 
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uhere 


8=^gi7t;»=rmJ,-r 


its  solution  under  condition  *— oo,  t-*0  is  the  function  of  the 


9= Ac-**' 


la»=lnA~x^B. 


Thus,  the  slope/inclination  of  straight  lime  in  coordinates 
T ).  x makes  it  pcssitle  to  find  valme  amd  from  it  to 
calculate  the  coefficient  of  the  thermal  conductivity: 

_ 4 P.oTj  _ A,,f 

SB  S'BT  (349) 

00 

Isissivity  factor  and  specific  resistance  are  here  averaged  in 
interval  T~TmU.  The  account  to  the  temperature  dependence  of  these 
parameters  leads  to  expressicp  [3-32] 


, p/s  / 4 ! d In « d In  p\ 
*-  — ^\Tm^dT  dT  )■ 


Thus,  for  the  experimental  deters inat ic n of  thermal  Conductivity 


It  higher  temperatures  this  method  used  Allen,  Glazic  and  Jordan 
[3-33],  that  aeasured  the  thermal  conductivity  cf  molybdenum, 
taijtalua  and  tungsten.  It  must  be  noted  that  the  sharp  divergence  of 
the  obtained  in  this  work  data  is  caused  by  the  erroneous  method  of 
determining  the  actual  temperature  of  conductor  [3-3h]  and  connected 
kith  the  essence  of  the  method  cf  measuring  the  thermal  conductivity . 

Host  careful  realization  method  found  in  L.  P.  Filippova's  works 
mith  colleagues  [3.32,  3-35,  3-36],  cf  the  investigated  mith  his  aid 

s--; 

a series  refractory  metals.  A maxima  error  in  L.  P.  Philipp's  method 
is  estimated  by  value  7-9c/c,  which  for  high-temperature  measurements 
characterizes  this  method  as  one  of  most  precise  ones.  The  fact  calls 
attention  to  itself  that  the  method  is  applicable  precisely  in  that 
ranges  close  to  7"™*,  mhere  the  approach  of  Verting  becomes  too  rough. 

One  cannot  fail  to  note  that  the  successful  application  cf  the  method 
cf  exponential  distribution  is  conrected  ir  merks  [3-35,  3-36]  with 
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the  developaent  of  the  special  differential  photoelectric  pyrometer, 
which  aade  it  possible  tc  raise  the  accuracy  of  the  measurements  of 
small  differences  in  the  teaperat u res . 


Eage  87. 


The  special  feature/peculiarity  of  these  experiments  is  the  use 
cf  a special  rider,  hung  up  in  the  zene  of  constant  temperature.  The 
heat  reaoval  to  it  leads  tc  shaping  cf  the  secticn  of  the 
disturbance/pertur bation,  well  described  by  exponent.  The  study  of 
teaperature  field  on  working  secticn  before  the  installation  of  rider 
and  after  it  it  allowed  the  authors  to  eliiinate  the  effect  of  the 
lccal  heterogeneities  of  temperature  field,  caused  by  imperfection  of 
sp aciaen/saaple. 


3.5.  Other  methods  of  study  with  use  cf  dielectric  heating  wire  of 
s peci sen/san pies. 


Above  we  indicated  the  existence  of  specific 
coaaunication/connectior  between  length  L cf  cccdactcr  with  current 
aid  teaperature  of  its  laxiaua  Tm  at  specific  current  I (see  Pig. 
3-3)  . 


It  is  turned  out  that  when  this  cc aaunica tion/connection 
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can  be  used  for  determicing  the  coefficient  of  thermal  conductivity. 
It  suffices,  changing  the  length  of  filament,  tc  fix  (during 
aaintenance  I=const)  change  Tm , as  on  the  argle  of  the  slope  of 

rco~  Tm 

dependence  In  — j =f(L ) it  is  possible  to  take  calculation  of  the 

coefficient  of  thernal  ccnd ucti vit y.  This  aethcd  they  proposed  by 
Kobuskko,  flerisov  and  Khctkevich  [3.37].  initial  equation  (3-34) 
under  the  conditions  x = 0,  T=Ta,  x=L,  T— T0;  x=Lf2,  T=Tm  and  dT/dx=0  and 
under  the  assumption  a=  (71.— Tm)/Tx — K)they  record/vrite  in  the  form 


^ = p7/0>  (D-ina),  (3-51) 

where  C - the  little  changing  in  dependence  c ip  L function 


equation  (3.51)  is  actually  identical  to  equation  (3*48); 
however,  approach  to  experiments  with  their  use  is  completely 
various.  During  the  practical  use  cf  a aethcd,  the  authors  [3.37] 
propose  measurement  (7.— 7'm)/7’.=a  tc  replace  with  the  measurement  of 
the  electrical  resistance  cf  the  central  scctic*  of  specinen/sample 
ft.  and  8,  where  ft.  - resistance  at  ccrditicj?  to  the  constant 
temperature  t „ on  it,  and  R - resistance  of  the  same  section  under 
the  nqnisothermic  conditions,  which  are  changed  during  a change  in 
the  coamon/general/total  length  cf  ccnductci  L. 


in  the  case  of  the 
tenperature  value  a and 


linear  dependence  cf  resistivity  on 
relative  resistance  (ft.— ft)/ft.  are  connected 
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As  it  was  shown  above,  at  the  sufficiently  large  length  of 
conductor  in  the  energy  balance  of  central  zones,  participate  only 
the  heat  release  and  the  heat  losses  fica  lateral  surface.  Connection 
between  teaperature  drops  in  section  apd  the  intensity  of  the  heat 
losses  of  relationship/ratic  for  the  coefficient  of  thernal 
conductivity.  In  the  siaplest  case  for  cixcular  or  circular  cross 
section,  we  deal  with  oce-diaensio cal  problem.  Its  mathematical 
analysis  is  given  in  Chapter  1. 

Page  89. 

In  the  case  of  other  gecaetries  (for  example,  rectangle  or  ellipse) 
the  problem  in  the  genetal  case  is  two-dimetsiccal,  althomgh  for 
separate  specific  conditions  {for  example,  the  strip  of  very 
fine/thin  foil)  al low/assuaes  one- diwer sic  cal  representation.  In 
connection  with  large  ores  by  simplicity  aac  accuracy  of  (calculated 
celationship/ratios  one-diaensicnal  version  found  most  wide 
propagation. 


J 

) 

n 

y 

) 

:> 
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One  of  the  first  it  utilized  Engell  [.3-47]  for  measuring  the 
thermal  conductivities  cf  nickel  and  aluminum.  In  high-temperature 
ranged  it  was  for  the  first  time  realized  by  Fcwell  and  Shoffield 
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[3-41  J,  which  investigated  graphite  at  teaperatures  up  to  2700°K-  It 
is  woEth  examining  the  basic  torgue/acments  of  this  experiment,  very 
characteristic  for  similar  investigations. 

The  specimen/sample  being  investigated,  carried  out  in  the  form 

ct  thick-walled  tube,  was  claapped  between  two  water-cooled 

electrodes,  placed  within  vacuum  cylindrical  chamber.  The  walls 

of  the  latter  were  cooled  by  flowing  water.  End  window  on 

flange  and  wiqdow  in  the  c a aer a/ch a ibet  made  it  possible  to  monitor 

spaciaen/saaple  from  lateral  surface  and  enc/facc.  With  the  diameter 
cf  specimen  2.5  cm,  its  length  was  75  ca.  This  cecaetry  made  it 
possible  to  form  isothermal  zone  b)  length  cn  the  order  of  20  cm  at 
teaperatures  of  ap proxi lately  1200°K.  A reduction  in  the  temperature 
narrowed  working  section  aqd,  furthermore,  it  led  to  the  decrease  of 
temperature  differentials  according  tc  the  thickness  of 
speciaen/sample . Reliable  measurements  coaid  be  carried  out  only  at 
the  teaperatures  higher  than  750°C. 

Temperature  was  measured  by  tie  optical  pyrometer  with  the 
disappearing  filament,  lhe  internal  duct  of  spe cimen/saa pie  3 mm  in 
diameter,  overlapped  in  the  working  zone  of  stepper  made  of  ceramics 
(or  simply  anechoic  boring  tc  working  zone),  was  the  model  of 
blackbcdy  and  it  aade  it  pcssitle  tc  measure  the  internal 
temperature.  On  the  surface  of  speciaen/sample,  was  measured  the 
temperature  brightness.  For  the  calculation  of  actual  temperature. 


I 
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veie  drawn  the  data  according  to  tie  aonocbr cia tic  eaissivity  of 
graphite. 

(for  the  calculation  of  the  isolated  power,  were  aeasured  the 
current  and  a drop  in  voltage  (J  on  the  working  section  L.  As 
potential  derivations  were  utilized  the  finc/thi*  graphite  rods, 
sealed  by  their  cold  end/leads  into  graphite  blocks. 

Page  90. 

Ihe  latter  were  connected  by  two  guarti  rods,  which  provided  the 
preservation/retention/iaictaicing  of  the  length  of  working  section 
during  changes  in  the  tenperature  cf  speciaen/s aaple.  As  the  first 
approyination  for  calculation  X,  was  utilized  r« lationship/rat io 
(1-104)  (see  Chapter  1)  . 

The  tendency  to  raise  the  accuracy  of  aeasurenents  because  of  an 
increase  in  the  working  diflerence  in  the  teaperatures  assigned 
before  Powell  and  Shoffield  the  aissicn  of  the  account  to  the 
tenperature  dependence  cf  heat-  and  electrical  conductivity  of 

naterial. 

' 

During  the  use  of  calculated  relationsbip/ratios  of  type  (1-104) 


4 


or  of  siapler  fornula  of  Bngell  (case  r=0) 


DOC  * 78133104 


P AG  H ^24- 


4 (I,  - t,)  4L'(  (T,  - T2) 

This  problem  consisted  c £ the  dete ra inatip n cf  reference  tenperature 
£ ci  X and  p.  Electrical  and  geometric  measurements  made  it  possible 
tc  calculate  the  average  value  of  resistivity  Pc =SU/IL,  connected  mith 
the  temperature  distribution  by  the  means  c£  the  relationship/ratio 

lT=7f  J p.  [i  -t-  p(r  — r.)j  • (3‘54) 

0 

Set/assuming  dependences  X (T)  and  p(T)  by  linear  ones  vithin  the 
limits  cf  temperature  drop  in  mail,  Pouell  and  Shoffield  obtained  for 
temperature  distribution  the  following  expression: 


7',-rI=>irst[i  + (^)^+ 


18a’ + I1«J  + 5P 


(Arl)>  + 


| 360.»  + 266.^+M5.p-pS9>»  ^ 


Here: 


. - I d\  . r.  I df 

IP.  ’ — X,  'dT  * P — JT'dT'' 


thermal  conductivity  and  electrical  resistance  are  referred  to 
temperature  on  the  axis  cf  red. 
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The  knowledge  temperature  curve  makes  it  possible  to  find 
reference  temperature  Tc.  From  equations  ,(3.54)  and  (3-55)  it 
follows; 

[i + •-+*(*;,+ 

,3-56, 


Two  last/latter  expression  make  it  possible  to  calculate  the 
diffecence  between  reference  teiperature  and  mean  arithmetic 
temperature.  After  beinc  restricted  to  the  first  term,  we  will 
obtain: 


Tc~ 


7*2  ~4~  To  -3  ft 

2 ~ 2-1 


(Ary 


2a  — ( 
24~ 


(T'  — Ty.  (3.57) 


Thus,  depending  on  the  relaticnship/r atio  between  the 
temperature  coefficients  cf  heat-  and  the  electrical  conductivity  the 
reference  cf  the  measured  electrical  resistance  to  the  mean 
arithmetic  temperature  cf  secticn  can  be  accompanied  by  the  error,  is 
greater,  the  greater  the  difference  in  temperatures  T0-T*.  Error  can 
beth  overstate  and  understate  findings. 


* 

I 

♦ 

.K 

I 
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After  determining  pQ,  from  equation  (3.55)  it  is  possible  to 


calculate  the  unknown  value  of  theraal  conductivity  k0 . 


if  foe  describing  the  temperature  distribution  is  are  utilized 
scan  arithmetic  values  i*.c  and  P»c'  then  expression  (3.55)  will  be 
replaced  as  follows: 


r.-r.-ojri— J-cr|- 


P ( 1 4a*  — 29aP  — 7f*)  (Cr?)* 
576 


-]• 


(3-58) 


there*  r u' 

C - 4fX.  rf...  • 

Resulting  expressions  are  obtained  for  rod  (rt  = 0)  ; the 
corresponding  series  for  a duct  with  an  increase  in  the  inside  radius 
converge  increasingly  slower,  which  reticently  complicates  the 
problem  of  finding  the  local  values  of  the  parameters  being 
investigated.  The  method  of  Powell  and  Shoftield  render/showed 
effective  neaqs  the  investigation  cf  the  tlerial  conductivity  of 
graphites  at  very  high  teaperatures. 

Page  92. 
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It  used  extensively  Razcr  and  (lac-Clel  land  [3-48,  3-49],  that 
investigated  the  thermal  ccnductivity  of  a series  of  graphites  up  to 
3000°C,  Anakker  and  Reinhold  [ 3-42,  3-44],  that  were  raised  up  to 


r 
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aaximum  temperatures  of  approximately  35QO°C,  Strauss  [3-45,  3-46] 
and  other  researchers. 

In  a series  of  works  [3-45,  3-40]  attention  is  drawn  to  not  the 
eatirely  correct  method  cf  measuring  the  teiperature  in  the  axis  of 
rod.  In  specinen/sample  is  drilled  the  radial  channel  to  bottom  of 
which  is  sighted  the  optical  pyrometer.  It  is  assumed  that  effective 
emissivity  factor  of  this  channel  (with  the  reference  of  the  measured 
temperature  to  its  bottom)  is  equal  to  cne.  Tic  analysis,  given  in 
Chapter  2,  shows  that  this  assumption  with  known 

apFrodch/approximat ion  can  be  accepted  only  for  graphites,  and  that 
under  conditions  of  certain  limitation  of  tfce  permissible  radial 
gradients.  In  the  remaining  cases  tie  lcngitudical  ncnisot herm icit y 
cf  pyrcnetric  channel  ucccnditiona lly  must  le  considered. 

Interesting  fact  is  given  in  work  of  Strauss  [3-45].  In  the  zone 
cf  temperatures  of  1000-1200°C  during  the  treatment  cf  experiments, 
it  was  necessary  to  accept  emissivity  factor  of  the  surfade  of  the 
equal  to  unity,  otherwise  the  temperature,  measured  on  the  bottom  of 
radial  pyrcmetric  channel,  prove  to  bed  itself  below  the  temperature 
of  the  surface  of  speciien/sample.  This,  it  cur  opinion,  proves,  that 
even  under  these  conditions  (comparatively  small  temperature 
differentials)  the  effective  emissivity  of  the  bottom  of  cavity  due 
to  longitudinal  non isot her ■ icit y was  lesser  than  unity.  The 
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calculation  of  actual  teaperature  cn  axis  here  required  tie 
introduction  of  correction  for  the  incc iple teness  of 
eiissicn/radiation. 


In  work  with  the  materials,  eaissivity  factor  of  surface  of 
which  noticeably  differs  from  unity  and  little  it  is  studied,  it  can 
render/show  the  effective  method  of  two  speciaen/saaples  ^different 
thickness) . 

After  processing  here  all  the  neasured  parameters  in  the  fora  of 
the  function  of  the  teaperature  brightness  cf  external  wall,  it  is 
possible,  by  comparing  conditicns/aodes  wit,fc  identical  teaperature 
brightness,  to  calculate  tberaal  cc nduc tivity,  without  utilizing  data 
according  to  eaissivity  factor. 

Page  93. 


It  is  real/actual,  from  foraula  (1-104)  for  this  case  it  follows: 


X = 


Ivft  — Qvf » 

~*{T„  — r„)  • 


(3-59) 


where  T0t  end  T02  - teaperature  on  inside  radii  of  the  rod  (in 
particular,  especially  opportunity  - temperature  of  the  internal 
surface  of  tubes);  9yt  and  qVt  — heat  releases  in  the 

n 

conditions/modes  in  question:  r=R*— t*~ 2/*ln—  - the  geometric 


* 


> 


COC  **  78133104 


1 

PAGE  -34^ 

parameters  of  speciaen/saaples. 

Is  especially  convenient  for  treataeat  the  case,  when  one  of 
radii  of  specimen/sanple  is  retained  cccstact/ic variable. 

As  Me  already  indicated,  the  circular  fera  cf  the  cross  section 
cf  s peciae n/saa pie  is  net  the  only  possible  during  the  study  theraal 
conductivity  on  the  section  of  longitudinal  iscthernicity* 


As  an  example  of  ueiqg  ether  aief c il/ p icf i Jes,  it  is  possible  to 
indicate  the  works  of  Langauir  [3-43]  and  cl  investigation  of  N.  P. 
Kiselev  and  I.  N.  Aleynikova  [3-50].  Here  Mere  utilized  the 
speciaen/saaples  of  rectangular  cross  secticq.  It  is  coapletely 
obvious  that  under  conditions  cf  cc oparatoi ve  1;  mall  transverse 
teaperature  differentials  the  problea  allow/ass aaes  the  linearization 
of  the  teaperature  dependence  cf  heat  eaissicn  and  the  liaitation  of 
a number  of  terns  of  the  series,  vtich  cepresert  solution*  under 
these  conditions  for  the  selected  gecaetry,  can  be  designed  the 
coefficients,  which  connect  the  coefficient  of  theraal  conductivity 
with  ccaaon/genera 1/total  heat  release  in  ted  and  the  teaperature 
differential  along  air fc il/prof i le. 

Comparatively  high  theraal  conductivity  cf  the 
electac-conductive  materials  for  which  can  he  used  these  methods. 


1 

> 
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leads  to  the  fact  that  the  acting  in  section  temperature  drops  are 
ssall>  This  fact  in  combination  with  the  approximate  character  of 
analytical  description  determines  a comparative ly  low  accuracy  of 
results.  In  experiments  [3-50]  the  authors  speak  about  error  during 
the  investigation  cf  aolybdenua  20-30o/o  in  the  range  of  tenperatures 
of  25QC-15Q0°K.  The  increase  of  temperature,  increasing  the  absolute 
value  cf  working  temperature  ones,  but,  on  the  ether  hand,  increases 
the  systematic  error,  ccnqected  with  the  desecs itiza tion  of  problem 
by  the  linearization  of  heat  exchange. 

the  developmsnt  of  similar  works  is  ccrnected  with  the 
refinement  of  theory  anc  the  develcpsert  of  technology  of  scanning 
differential  pyrometry. 
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Characteristic  for  the  aethods  in  question  is  the  presence  in 
the  cross  sections  of  the  s peciaen/saaple  c t the  radial  tenperature 
gradients,  caused  by  heat  exchange  with  medium  cn  its  lateral 
surface. 

The  construction  of  adiabatic  irsulaticq  along  the  surface  of 
ncnisqtheraal  spec imen/saiple  in  principle  js  inpossible,  it  is 
possible  fcc  speak  only  about  degree  of  apprcxia aticn  to  it.  This 
essentially  differs  the  aetbcds  of  longitudinal  heat  flux  froa  the 
exaaiaed  in  Chapter  1 cases  of  the  flat/plate  unlimited  plate  with 
isothermal  surfaces.  The  presence  of  heat  losses  introduces  known 
iodeterain ancy/uncerta int y into  values  cf  the  heat  flux,  aeasured  in 
experiaent.  On  the  other  bard,  the  bendiqg  cf  isotheraal  surfaces  in 
the  cxoss  sections  of  speci aen/saa p le  requires  the  refineaent  of  the 
seqse  cf  the  tenperature  drop,  measured  between  the  isolated  points 
of  speciaen/saaple.  Thus,  and  numerator,  and  denominator  in  the  right 
side  <?f  equation  (1.22),  derived  for  the  idealized  diagram,  require 
the  specific  adjustment,  which  is  greater,  the  acre  intense  the 
lateral  heat  exchange. 


Page  15 
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Characteristic  for  materials  with  high  thermal  conductivity  is,  as 
this  mill  be  shown  below,  the  low  value  of  the  correction,  connected 
with  transverse  nonisot hermicity,  that  lakes  it  possible  to  disregard 
it  in  the  very  wide  range  of  the  realizable  in  experiments  conditions 
of  heat  exchange.  This  wakes  it  possible  tc  ccnsider  problem  as 
cne-dimensicnal  and  to  direct  main  efforts  fcr  the  organisation  of 
the  reliable  measurements  cf  heat  fluxes. 

In  first  works  [4.1,  4.2,  4.4],  carried  out  the  method  of 
loqgitudinal  heat  flux  in  the  zcne  of  ccapa rati vely  low  temperatures 
(.tc  30O-4OO°C),  during  the  leasureients  of  the  thermal  conductivity 
cf  metals  it  was  assumed  that  heat  exchange  with  medium  can  be 
disregarded  and  into  the  calculated  re latic rshi p/ratio 

, VI (4-1) 

*cp~  i(r„-Tn) 

introduced  the  heat  flux  0,  measured  either  according  to  net  power  of 
heater  or  by  calorimetric  measurenect  ic  cccler. 

In  formula  (4.1)  XCp  - mean  value  c,f  the  ccefficient  of  thermal 
conductivity  in  the  ranee  of  temperatures  Tm—T„;  I - the  length  of 
working  section;  ? - cross-sectional  area  cf  spccisen/sanple. 

Bor  decreasing  heat  losses,  the  spccimen/s ample  was  placed  into 


the  gmard  cylinder,  on  which  with  the  aid  of  special  heater  was 
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created  the  compensating  temperature  field;  This  diagram  *as  utilized 
already  by  Villiaas  [4.4]  ard  ty  Dcoaldsoo  [4.1]. 


The  first  was  used  it  for  studying  the  theraal  conductivity  of 
tha  alloys  of  copper  anc  aluainun  tc  350°C;  The  diagra a of  its 
installation  is  given  tc  Fig.  4.1.  By  the  source  of  heat  flux  Mas 
electrical  heater  500  H in  power.  Two  iron-ccnstantan  thermocouples  6 
■ade  it  possible  to  Measure  a difference  j.n  the  teaperatures  on  the 
working  section  of  speciaen/saaple  150  xa  ir  length  at  the  diameter 
cf  speciaen/saaple  25  aa. 
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Tbis  error  thoroughly  examined  Bode  and  Fzitts  [4.3]*  In  their 
work  were  utilized  the  spec  imen/sa ip les  with  a diaaeter  of  50  and  70 
aa  in  long.  Heat  flux  was  created  by  electrical  heater.  For  the 
eliaination  of  losses  frea  it,  it  tas  surrounded  by  coapensative 
heater.  Heat  flux  froa  spccimen/sa  i pie  Mas  reac ve/taken  by  water 
cccler.  Guard  cylinder  serreunded  s peciaen/samp  le  with  clearance  2 aa 
and,  just  as  at  Donaldscn  ard  fcilliaas,  it  cculd  ca  top  be  preheated, 
but  be  cooled  froa  below.  Tte  temperature  state  cf  system  was 
acqitored  froa  readings  of  thermocouple,  twe  of  which  gave  the 
teaperatures  of  the  coapensative  and  basic  cf  beaters  (respectively 
Tt  and  T2)  (neg)  another  pair  characterized  the  temperature 
distribution  along  the  axis  of  speciaen/saaple  (T,  and  T$1  (neq)  two 
thermocouples  gave  temperatures  T«  and  ir  the  points  of  guard 
cylinder,  arrange/located  against  the  working  sections  of 
s pecimen/sample. 

Assuming  that  the  lateral  losses  are  linear  relative  to  a 
difference  instantaneous  values  of  temperatures  cn  the  surfaces  of 
s pecimen/sample  and  guard  cylinder,  but  om  the  end/faces  of  the 
sp eciaen/sample  of  temperature  are  constant  (isothermal  heating),  the 
authors  [4.3]  obtained  the  following  expression,  connecting  the 
apparent  X«*Q*l/^(7‘r-7'»)  and  true  X of  the  thertal  conductivity: 


DOC  =s  78133104  PIGE  37"  \Q~^ 


Page  f 7. 

Here  Rx  and  R1X  - paraaeters,  which  art  deterained  by  the 
gecaetry  of  specinen/saaple,  b>  its  tberaal  conductivity  and  tbe 
intensity  of  lateral  beat  exchange;  lakes  sense  to  write  expressions 
for  thea  in  sore  detail: 


6C 


where  p„  = n^;/t(pn)  and  f,(pJ  - Bessel  functicn  of  zerc  and  first 
crder;  Rx  - radius  of  speciaen/saaple;  L - its  length;  l - distance 
between  the  tbernocouplcs,  syaaetr ically  arrange/located  in 
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specimen/sample ; « - coefficient  of  heat  tiensler  through  the 
clearance,  determined  ficm  the  equation 

(^k=“!r  (z'  *»>  ~ T"  W-  (^-6) 

in  the  case  of  a small  clearance,  it  is  possible  to  aount  that 
the  cqnvection  will  no  |Gr  Er  little);  then  heat  transfer  will  be 
determined  by  thermal  conductivity  and  emission/radiation. 
Coefficient  a can  be  calculated  frea  eipreesicn 


where  A**  - effective  thermal  conductivity  cf  medium  in  the  clearance 
(iq  experiences  in  Bode  and  Fritz  - gas)'.. 

Cage  98. 

Brcm  formula  (4.2)  it  follows  that  only  under  conditions  of 
adiabatic  curve  on  lateral  surface  (T3=T«  ard  1S=T*)  the  designed  for 
equation  (4.1)  value  of  the  coefficient  of  thermal  conductivity  will 
correspond  to  truth.  Otherwise  it  is  necessity  to  introduce 
corredtion.  The  direction,  totted  by  werks  (4. 1-4.4],  was  developed 
in  the  investigations  of  Sheffield  [4.5],  cf  Powell  [4.7],  of 
Armstrong  and  Dofini  [4.8],  concealing  Quire  [4.6],  Laubitts  [4.9] 
and  other  researchers. 
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One  should  note  some  specific  tcrque/icments  of  a series  of 
works>  So,  Shoffield  [4,5],  but  after  it  and  Powell  [4-7]  they  placed 
working  heater  not  on  end/face,  but  in  the  liddle  of  specimen/sample. 
Curing  the  equalization  of  therial  resistance  tc  that  and  other  of 
the  sides  of  beater  heat  flux  is  identical  intc  both  of  sides  and  can 
be  accurately  designed.  This  recepticn/procedcrc  lakes  it  possible  to 
fcreqo  compensative  heater  and  to  raise  the  accuracy  of  aeasureaents 
cf  heat  flux. 

A known  deficiency/lack  in  the  aajority  of  the  enunerated  works 
is  the  calculation  of  thermal  conductivity  according  to  a difference 
in  the  temperatures  in  two  sections  of  spcciien/saiple.  This  impedes 
the  determination  of  the  lccal  values  cf  tfct  coefficient  of  thermal 
conductivity  in  the  case  of  its  cciplex  teiperature  dependence. 
Deference  it  to  mean  teiperature  dependence,  deference  it  to  mean 
temperature  of  interval  can  cause  appreciable  error.  Are  exponential 
in  this  respect  the  results  of  Shoffield  pr  nickel.  At  mean 
temperatures  196,  290,  353  and  491°C  juip/dtops  AT  composed  with 
respect  to  75,  81,  100  and  ty  1C5°C.  The  average  values  of  the 

coefficient  of  thermal  conductivity  gave  the  here  very  flat  minimum, 
while  in  the  works  where  the  thermal  conductivity  was  averaged  in 
substantially  smaller  temperature  interval  [4.11],  is  planned  sharp 
fractmre  curved  X(T).  Ic  werk  ty  Cuinn  [4-€]  with  the 
preservaticn/retention/maintaining  of  the  ccmmc n/gener al/total 


- 
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diagram  of  method  with  adiabatic  insulation  they  were  accepted 
aeasure  for  a check  of  the  local  value  cf  tie  temperature  gradient: 
in  the  working  zone  of  s pecimen/saaple  mere  fastened  not  two,  but 
four  thera  ocouples . 

Upper  temperature  limit  in  the  naaed  icstal  lations  was  limited 
ty  teaperatures  of  700-e00°C.  Further  ipcrease  cf  temperatures  ever 
more  complicates  the  prcblea  of  developing  cf  tie  adiabatic 
insulation  of  the  lateral  surface  cf  epeciacn/saaple. 

To  a certain  degree  acre  effective  is  picved  to  be  another  path 
- assaapticn  of  heat  losses. 

Page  99. 

In  this  case,  calculated  r« laticns bip/r at<ics  arc  constructed  on  the 
basis  cf  the  laws,  which  describe  teaperature  field  in  systeas  with 
losses.  Hith  sufficiently  fine/thin  speciae n/saiples  a radial 
temperature  differential  in  then  can  be  disregarded  and  considered 
prablea  as  one-diaensio cal.  A similar  approach  was  used  already  in 
the  WQrk  of  Baratt  and  kinther  [4-10].  Cqe  of  the  aost  elegant 
experimental  solutions  in  this  dirccticn  is  the  work  of  Hogan  and 
Sawyer  [4-11],  that  increased  operating  teaperature  in  its 
measurements  approximately  tc  1000°C.  The  schematic  of  tbeir 
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experimental  installation  is  represented  in  Pig.  to  4.2. 

The  experimental  model,  on  one  of  eqd/lcads  of  which  is  mounted 
the  lgw-power  heater,  which  is  the  source  cf  heat  flux,  it  is  placed 
along  the  axis  of  tube  furnace  in  the  zone  of  constant  temperature. 
Temperature  field  along  specimen/saiple  and  furnace  is  monitored  by 
thermocouples.  Two  current  inputs  are  allowed,  furthermore,  to  pass 
throughout  specimen/samp le  current. 

Mt  the  basis  of  the  derivation  of  calculated 
relationship/ratios,  lic/rests  the  assumption  about  the  fact  that  the 
s pcciaen/sanple  is  the  semi-bounded  rod  whose  temperature  at  infinity 
approaches  ambient  temperature  T0.  In  the  zone  of  the  final 
temperature  drops  between  the  s peci tea/ sam p le  ard  the  furnace,  the 
heat  losses  of  specinen/sanple  are  linearly  connected  with  this 
juap/drop.  Under  such  conditions  the  longitudinal  temperature 
distribution  is  described  by  the  exponential  dependence 


where 


T-T0~*(x)  =$<*-**,  (4-8) 

«-  /£-/?•  <«> 


If  the  coefficient  of  heat  exchange  a is  known,  then  on  two 

temperature  measurements  from  (4.8)  can  be  fcand  value  a,  and  on  it 
from  |4. 9)  can  be  determined  the  unknown  coefficient  of  thermal 
conductivity  X. 
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Fig.  4.2.  Diagram  of  installation  cf  Hcgan  and  Sawyer  [4.11].  1 - 
heater  - source  of  heat  flux;  2 - s peciaeu/s ai pie;  3 - leveling 
cylinder:  4 - insulation/isclation ; 5 - ther aoccuple ; 6 - heater  of 
furnace;  7 - jacket  of  furnace. 
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the  coefficient  of  heat  exchange  a in  the  wcrk  cf  Hogan  and 
Sawyer  was  determined  experinentally  iq  experiment  with  the 
electrical  preheating  cf  speci»en/sample.  Jlter  neasuring  the  heat 
release  and  the  cor respc ndi eg  tc  it  diffeceice  in  the  temperatures 
between  the  specinen/samp le  and  the  furnace , it  is  possible  to  easily 
calculate  the  coefficient  cf  heat  exchange  in  krewn 
re  la tiensh ip/ratios. 


Characteristic  ones  for  this  work  are  strict  nathematical 
analysis  of  problem  and  the  careful  experimental  realization  of 
method. 


Comparing  strict  solution  of  the  problca  cf  tenperatnre 
distribution,  that  has  the  form 


00 

*(r<2)  — ^ AiJt  exp  (4-10) 


where  m — the  roots  of  equation  nJ,{n)  — hRJ,(n),  and 
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with  approximate  relaticnship/ratio  (4-8) , the  authors  show  that  for 
their  specific  conditions  (diaaetet  cf  speciaen/saaple  6 an,  its 
leqgtb  of  approxinately  30  ca;  X<0.25  cal/  (c ■ •£ «deg) ) the  use  of 
relaticnship/ratio  (4-8)  is  connected  with  errcr  in  temperatures  not 
acre  than  lo/o.  The  reguirerent  of  the  linearity  of  heat  losses  is 
fulfilled  first  of  all  fcecatse  cf  a saall  diffeience  in  the 
teaperatures  between  the  speciaen/saaple  and  the  furnace,  which  does 
not  exceed  5°C.  By  Hogan  and  Sawyer  were  investigated  different 
steels.  Inconel  and  nickel  in  interval  to  teaperature  of  25-1000°c. 

The  possibility  of  the  suiiiciettly  strict  analytical 
description  of  teaperatcre  field  ir  fige/thin  s pecimen/samples  with 
the  Newtonian  character  of  heat  losses  cn  lateral  surface  makes  it 
possible  to  utilize  other  systematic  schematics.  So,  Lippman  [4-12] 
proposed  the  sufficiently  ingenious  version  cf  systematic  schematic 
fcr  measuring  the  longitudinal  theraal  conductivity  cf  thin-walled 
tubular  specimen/samples. 

Tubular  specimen/sample  is  placed  iq  ftrnace  with  temperature 


Ta.  With  the  aid  of  guard  heaters  the  temgcrature  of  jets  is 
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Inside  pipe  at  an  equal  distance  from  icth  of  end/leads,  is 
introduced  small  suppleientary  heater.  whe  r it  is  switched  off, 
teiperature  field  is  concave  tc  furnace  because  cf  heat  losses. 
According  to  the  measured  temperatures  at  erd/leads  and  in  the  center 
of  tube,  by  utilizing  tie  analytical  dependence  1 (z) , it  is  possible 
to  deternine  parameter  h=a/x,  which  characterizes  the  intensity  of 
lateral  heat  exchange. 

The  second  part  of  the  experinent  consists  of  the  investigation 
of  the  temperature  distribution  alcr;g  tube*  which  arose  with  the 
connected  central  heater.  (Temperatures  of  end/leads  are  maintained 
as  befere  by  constants) . In  this  case,  knowing  h,  it  is  possible  to 
accurately  calculate  the  values  of  the  longitudinal  gradients  of 
temperature  dT/dz  on  both  sides  of  central  teater,  and  hence,  after 
measuring  its  power,  to  determine  the  coefficient  of  thermal 
conductivity.  Lippman  recommends  his  method  for  temperature  interval 
cf  500- 1000°C.  Checking  netlod  in  the  s pec i ien/ samples  of  Armco  iron 
shewed  his  efficiency. 

The  described  works  sufficiently  fully  characterize  the 
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systematic  and  technical  special  feature/peculiarities  of  the 
experimental  installaticns  cf  the  letbod  pf  longitudinal  heat  flux  in 
the  range  of  the  moderate  tempe natures. 

The  solution  of  the  problem  of  measuring  the  coefficient  of 
theraal  conductivity  by  this  aethod  at  higher  temperatures 
(1 500-*250Q°C)  requires,  however,  the  serious  review  both  of  the 
principles  of  structural  solution  and  the  essence  of  systeaatic 
approach.  It  is  possible  to  call/naae  the  following  basic  problens, 
which  appear  during  transition  to  high  temperatures.  The  first  of 
thea  is  connected  with  the  intensification  cf  the  chemical 
interaction  of  structural  materials  (beaters,  screens, 
insulmtion/isolati on,  etc.)  with  the  increase  cf  temperature.  In 
connection  with  this  any  kind  the  icsulaticg  fillings  aromnd  the 
lateral  surface  of  specimen/sample , so/such  characterist id  for  the 
zci)e  pf  the  low  and  moderate  temperatures,  become  extremely 
undesirable.  The  traditional  schematic  cf  the  execution  of  working 
heater  (source  of  useful  heat  flux),  instituted  on 
insulation/isolation  of  working  spiral  by  ceramics,  proves  to  be 
barely  effective  due  to  rapid  change  in  working  characteristics  in 
time,  and  at  maximum  teaperatures  is  generally  unrealizable.  Heating 
specimen/sample  in  furnace  at  high  temperattres  even  in  the  absence 
cf  its  direct  contact  with  beating  element  is  connected  with  the 
contamination  of  specimen/sample  by  the  products  of  the  sublimation 
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of  tb«  material  of  heater. 

|| 

Cage  102. 

( 

The  ideal  schematic,  which  ensures  the 

1 

p rases vati on/re ten tion/ma intainin g of  the  purity  of  the  material 

being  investigated,  would  be  that,  with  which  hot  speciaen/sample  • 

would  be  surrounded  by  cc mparat  ive  ly  ccld  tails  with  the  (tarrying  out 
cf  bracing  struts  of  specinen/sample  into  its  acst  cold,  nonoperative 
part.  Space  between  the  specinen/sample  and  walls  aust  be  evacuated. 

i j 

The  method  of  solution  of  the  problem  cf  the  protection  of 
speciaen/sample  presented  is  connected  with  the  complication  of  the 
■atheaatical  description  cf  the  teiperature  distribution  in 
speciaen/sample.  This  is  deterainec  by  the  fact  that  under  the 
described  conditions  the  teaperature  field  ig  s pecimen/sam pie  will  be 
forn/shaped  mainly  under  the  effect  of  radiation  heat  exchange  on  its 
lateral  surface.  The  nonlinear  fori  cf  boundary  conditions  does  not 
■ake  it  possible  to  here  find  the  simple  aqc  convenient  for  treatnent 
analytical  fora  of  the  description  of  the  character  cf  the 
teaperature  distribution,  as  this  occurred  in  works  described  above. 

In  systematic  plan/layoct  the  experiment  mast  undergo  substantial 
changes. 


I 
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Experiment  must  be  constructed  in  suak  a way  that  the 
measurements  could  give  the  values  of  heat  llux  and  longitudinal 
gradient  of  temperatures,  ir  reference  to  tie  specific  section  of 
speciaen/sample.  This  abroach  was  used  note  than  100  years  ago  by 
Focbs  [4-13]  for  measuring  the  thetoal  conductivity  cf  metals  near 
rocm  temperature.  In  his  experiments  was  investigated  in  detail  the 
longitudinal  temperature  distrifcuticn  ir  tie  lcrg  rod,  heated  from 
cne  of  the  end/faces  and  coded  free  lateral  surface.  The  knowledge 
temperature  curve  made  it  pcssible  tc  calculate  the  values  of  the 
gradient  of  the  temperatures  in  any  section  ct  specimen,  furthermore, 
in  special  experiment  with  the  short  cut  of  rod  was  remove/taken  the 
curve  of  its  cooling  in  this  same  lediun.  kith  tnown  heat  capacity 
hence  it  was  possible  tc  calculate  the  value  cf  specific  losses 
depending  cn  temperature.  The  obtained  thus  date  were  utilized  for 
the  plotting  of  curves  cf  the  distribution  cf  lateral  losses  along 
th«  length  of  rod  in  basic  experiment.  The  unknewn  heat  flow  in  any 
section  was  computed  as  sum  of  losses  on  the  section  of  rod  from  this 
section  to  end/lead.  By  the  more  detailed  acalysis  of  the  work  of 
Forbs  we  occupied  will  not  be.  This  work  is  interesting  for  us  not  by 
its  results,  but  is  faster  as  histcrical  example  of  the  successful 
systematic  approach,  most  effective  in  high-temperature  range. 

Page  10J. 
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4-2.  High-temperature  range.  Method  of  electrcnic  heating. 

During  the  organization  of  the  measurement^  of  thermal 
conductivity  by  the  method  c£  longitudinal  heait  flux  in 
high-temperature  range  cets  up  a question  ccpcerning  the  effect  of 
the  tmo-di mensional  character  cf  tenperatmre  field  in  rod.  Carrying 
cut  experiment  under  conditions,  formulated  at  the  end  of  the 
preceding/previous  paragraph,  we  unavoidably  mill  clash  with  the 
development  of  radial  jwmp/drops  in  temperatures,  the  more 
noticeable,  the  greater  the  difference  in  the  temperatures  between 
the  specimen/sample  and  the  envircrient. 

Is  it  possible  to  count  under  the$e  ccrditicms  the  problem  of 
cne-di«ensional  and  to  ise  the  calculated  r e lat icijship/rat ios  of 
longitudinal  method?  Answer/response  to  this  question  is  connected 
with  the  solution  of  the  corresponding  two-aineasional  problem.  To  a 
certain  degree  by  it  were  occupied,  for  exaiple,  Tsuy  and  Tsou 
[4-14].  They  calculated  the  ratio  cf  radial  heat  flux  Qr  with  the 
surface  of  the  limited  circular  cylinder  tc  the  ccmmon/general/total 
heat  flux  Q,  going  into  cylinder.  It  was  assumed  that  the  end/faces 
cf  specimen/sample  were  iscthetmal,  and  heat  exchange  with  medium 
obeys  the  law  of  Newton.  Calculation  was  carried  out  for  the  values 
cf  parameter  hR  from  0.01  tc  1 and  the  relative  lengths  of 
spccimen/sample  L/R=8  ard  l/H=4.  Accepting  as  the  criterion  of  the 
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unidiaensicnality  of  heat  flux  in  tod  inequality  <?>4Qr,  the 
authors  obtain,  what  for  1/ B=4  problen  cannot  te  considered  as 
cne-diaens ional,  beginning  with  hR=0.C7,  bet  whan  L/R=8  - already 
with  hB>0.01S. 

The  work  indicated  solves  the  uhich  interests  us  preblea  only 
qualitatively.  The  chosen  critericr  cf  uqidiaecsionality  does  not 
answer  a question  concerning  possible  errors  connected  with  heat 
exchange  on  the  lateral  surface  of  ted.  Strict  exaaination  aust  be 
constructed  cn  the  analysis  of  the  field  of  the  gradients  of 
teaperatures  in  the  studied  section  of  specisen/saaple. 

The  value  of  the  heat  flux  dq,  passing  through  arbitrarily 
oriented  in  space  area/site  df,  can  be  represented  by  the  expression 

dq— * graded/.  (4-M) 

where  n - a direction  of  standard  to  area /site  df;  JtBrad.r—  normal 
component  cf  vector  of  heat  flux. 

Page  104. 


Exaaining  the  total  flux  of  heat  c»  passing 
cross  section  of  s peciaen/saaple,  it  is  possible 


through  the  selected 
to  writer 
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Q = -lx,jgrwlnTdl,  (4-12) 


where  ^ — the  value  cf  the  coefficient  ct  theraal  conductivity, 
averaged  within  the  liaits  cf  tcaperatare  dicp  in  this  seotion;  P - 
cross-sect ional  area.  It  is  obvious  that  expression  ? ‘jt^adn^df 
deteriines  by  itself  the  value  of  the  averate  longitudinal  gradient 
cf  teaperatures  grad „T,  which  desirable  it  weald  be  to  obtain  on 
the  basis  cf  oeasureaents.  Then  expression  (4-12)  with  aeasured  Q 
(this  a comparatively  siaple  problem)  would  Bake  it  possible  to 
calculate  the  unknown  ccefticient  cf  tfaeraal  ccrductivity  !■«■?.  In 
practice  the  study  of  the  field  of  gradients  in  a coaparatively 
fiqe/thin  specimen/sample  is  virtually  inpiacticable  problem.  At  best 
the  corresponding  sensors  aake  it  possible  tc  obtain  the  longitudinal 
distribution  curve  of  teaperatures  either  cc  surface  or  on  the  axis 
cf  rod.  Introducing  the  local  ispoitance  of  gradient  into  the 
calculation  of  the  coefficient  of  the  tfaeraal  conductivity , we 
allow/assuae  the  error 

(4-13) 


calculation  by  which  is  feasible  op  the  basis  of  the  solution  of  the 
corresponding  boundary- value  prcblea. 
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Let  us  assuaa  that  the  cylindcical  speciaen/saaple  with  a radius 
of  R with  a length  of  L is  heated  free  cue  cf  the  end/faces  and  is 
cooled  by  eaission/radiat icc  frea  rear  ead/face  and  lateral  surface. 

Boundary  conditions  Jet  us  write  as  fcJlcts: 


z = 0;  r<r,; 

r,<r</?;  — i^=0; 
z=L;  -§=V; 

r=R  ; -J-=A T. 


(4-14) 

(4-15) 

(4-16) 


Cage  105. 

the  solution  of  the  placed  thus  boundary- » alue  problea  can  be 
written  in  the  fora  of  the  series 

00 

*=J]  («*■£-)  *hM.  (4-17) 


whore 


® = 5^r-  T — relative 


teaperatare; 
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d(nr  n‘)+srchi 

ch  1 

[it 

(•T-) 

n»—  the  roots  of  the  eguaticn 

n/,(n) <«-,8> 

■ork  [4-15]  shows,  that  the  tenperatwre  field,  described  by 
expression  (4-17),  is  characterized  by  cne  important  special 
featune/peculia  rit  y . It  consists  in  rapid  shaping  of  the  stable 
radial  airfoil/profile  cf  temperature  durieg  re icval/dista nee  from 
fact  end/face.  Independent  of  conditions  ox  end/face  daring 
removal/distance  fron  it  on  (1-1.5)  F the  texperatare  distribution  in 
the  cross  sections  of  red  depends  cnly  on  parameter  hR  and  with  error 
not  agre  than  lo/o  is  described  by  the  first  teia  of  series  (4-17). 

This  substantially  simplifies  the  calculation  of  the  possible 
error  in  the  estiaation  cf  longitudinal  gradient.  During  the 
■easureaents  of  the  teaperature  by  the  optical  pyroaeter  in  the 
pyroaetric  channels,  drilled  in  spcciaen/saxple , the  aost  probable  is 
obtaining  inforaation  atcot  the  longitudinal  gradient,  which 


m 
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corresponds  to  the  axis  of  tod.  In  this  cast  the  use  of  expression 
(4-17^  aates  it  possible  to  write  relationstip/ratio  (4-13)  as 

U = 1 (4-19) 


Mith  the  snail  ones  hf  (tc  20  010'’)  with  error  not  sore  than 
C.  1-0^2o/o  Bessel  function  in  last/latter  expression  it  is  possible 
tc  replace  two  first  tens  of  their  expansion  ir  a series. 

Eage  1C6. 

Ibis  Bates  it  possible  tc  siaplify  (4-19)  and  tc  find  convenient 
calculated  relationship/ratio  for  the  evaluation  of  the  error: 

M = 0,25hR  — (4-20) 


Befinite  interest  is  cf  the  estination  cf  the  absolute  value  of 
a -radial  juap/drop  in  tenpeiatures  Tr~*—TI,=\\T<)R. 

Under  conditions  of  the  sane  si«plif icaticis 


■ 
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Tc  Fig.  4-3,  are  given  the  results  of  calculation  of  6X  and 
ATo-r  for  cylindrical  specimen/sa xples  made  of  tungsten  and 
taqtalua.  The  diaaeter  cf  s peciaen/saaples  is  selected  as  being  equal 
to  10  an;  the  necessary  data  on  their  properties  are  undertaken  from 
berks  £4-16,  7-20].  Figure  shoes  that,  in  spite  of  the  noticeable 
value  cf  absolute  junp/drcps  in  teiperature  in  the  cross  section  of 
speciaen/saaple,  the  error,  caused  by  the  divergence  of  the  utilized 
value  cf  longitudinal  gradient  frca  Dean  eith  respect  to  section,  is 
co apacatively  small  and  with  uish  can  be  decreased  by  the 
introduction  of  the  cor  responding  correction,  however,  in  this  case, 
one  ought  not  to  forget  that  the  introduction  cf  this  correction  is 
virtually  possible  only  for  the  zope  of  the  stabilized  teaperature 
profile  where  a radial  teaperature  differential  is  deterained  by 
pillar  by  the  level  of  heat  losses  frca  lateral  surface. 

Thus,  the  carried  out  estiaations  aake  it  possible  on  the  whole 
to  positively  solve  a question  ccncernicg  tte  realization  of  the  idea 
cf  longitudinal  heat  flux  fer  measuring  the  coefficient  of  theraal 
conductivity  in  the  ranee  of  very  high  tea [ c ratoures. 

Page  107. 


" y-v:/  ■ • 


Fig.  4.3.  Radial  temperature  gradient  AT  in  a cylindrical 
sample  with  longitudinal  thermal  flow  and  the  error  in  the 
determination  of  the  coefficient  of  thermal  conductivity. 
Material  of  the  sample:  1 - tantalum;  2 - tungsten. 


i 
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One  of  the  first  operational  versions  cf  the  corresponding 
procedure  and  installation  was  proposed  for  the  first  tine  by  D.  L. 
Tiarot  and  V.  fe.  Peletskiy  [7-20). 

The  basic  tor que/acaen ts  of  aethod  »e  kill  explain  on  basis  Pig. 
4—4,  that  reflects  the  aost  ideal  and  ccnvcnient  version  of  proposed 
ty  thea  procedure  [4-17].  Its  corresponding  str uctur al/design 
eabcdiaent  is  shown  on  Pig.  4-5. 

The  speciaen/saaple  cf  the  material  being  investigated,  carried 
cat  in  the  fora  of  cylinder  with  a length  cf  L=5C-70  aa  and  with  a 
diaaeter  of  0=8-12  aa,  is  suspended  on  fine/tbic  tungsten  filaaents 
in  vacuua  chamber  whose  walls  are  cooled  by  water.  For  heating  of 
speciaen/saaple,  is  utilized  its  bcabardnect  on  surface  by  the 
elactxcns,  source  of  which  are  two  cathode  systems.  Cne  of  thea 
(cathode  of  lateral  heating)  provides  power  supply  to  lateral  surface 
cf  spUciaen/sa aple,  another  (erd  cathode)  lakes  it  possible  to 
independently  heat  it  frea  cne  of  the  end/frees.  Between  cathodes  and 
the  speciaen/saaple  applied  accelerating  voltage  of  5-10  IV. 
Speciaen/saaple  is  together  with  the  cathode  systea  of  lateral 
heating  surrounded  by  the  aesh  antidynatror  screen  (see  chapter  2), 
cn  which  is  supplied  negative  with  respect  tc  cethode  voltage  (to  500 
V.  Th|s  sane  potential  has  the  shielding  shielding  ring,  which 
surrounds  with  saall  clearance  specife^/saiple  rear  hot  end/face. 


CGC  = 78133105 


P AG  £ -45 


^13 

High  electric  intensity  in  radial  clearance  excludes  the  possibility 
cf  the  inrush/breach  of  the  electrons  of  end  cathode  to  the  lateral 
surface  of  speciaen/saaple.  The  geometry  of  system  end  cathode  - the 
elactrode  - guard  ring  - speciaen/saaple  near  the  cathode  creates  the 
electEic  field  whose  corfiguraticn  provides  the  necessary  focusing  of 
electron  beam  on  the  enc/face  cf  speciaen/saaple. 

The  geometry  of  systea  suppressor  grid  - the  filament  of  lateral 
cathode  - speciaen/saaple,  cn  the  contrary,  leads  to  the  spread  of 
electrons  over  the  lateral  surface  of  speciaen/saaple.  The  system  of 
the  suspension  of  speciaen/saaple,  which  s i i ult aneousl y plays  the 
tele  of  current  input  tc  it,  is  shielded  by  the  supplementary  screen, 
ccqnected  with  the  line  of  high  voltage  by  separate  electrical  lead. 
This  screen  intercepts  the  clectrcps  cf  the  high  energies,  which 
burst  open  through  the  antidynatron  to  riding-crcp  tc  the  side  of  the 
systea  of  suspension. 


[OC  * 78133105  PAGE  4*- 

^Li  tf 


fj.g.  4-4.  Schematic  diagram  of  the  methed  cf  electronic  heating 
[4-17].  1 - end  cathode;  2 - shielding  ring;  3 - system  of  the 
suspension  of  specimen/sample;  4 - screen  cf  the  protection  of  tie 
system  of  suspension;  5 - actidynatron  screen;  6 - specimen;  7 - 
cathode  of  lateral  heating;  8 - housing  of  unit. 

' l) 

Page  108. 

the  described  system  makes  it  possible  tc  realize  the 
conditions,  necessary  fer  measurement  of  twe  values  - specific 
radiant  flows  from  the  surface  of  specimen/sample  <h(T)  and  strictly 
the  coefficient  of  therial  conductivity. 

It  is  real/actual  let  us  assume  that  tie  lateral  cathode  is 
snitched  off.  Works  only  end  cathode.  Energy  of  electron  beam, 
isolated  on  the  end/face  cf  specimen/sample,  is  transferred  along  it 

I I 


! 


li 
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because  of  thermal  condictiaity  and  is  scattered  by 
emissicn/r adiation  from  lateral  surface  aod  ccld  end/face* 

In  steady  state  this  process  leads  to  shaping  of  the  specific 
temperature  field  characterized  by  a decrease  iq  the  temperature  from 
hot  to  cold  egd/face.  Let  us  alien  in  the  first  approximation,  that 
radial  temperature  differentials  can  be  disregarded  and  field  is 
cne-diaensicnal:  T (z) . Then  the  equaticn  of  heat  balance  for  the 
section  of  specimen/saaple  from  the  ccld  enc/face  z = L to  Cross 
section  with  coordinate  z can  be  written  it  the  form 

L 

IF  grad,  T = xD^q,dz- f Pq,  (TJ , (4-22) 

X 

i.m.  entire  heat  flux,  which  entered  through  the  selected  section  the 
isolated  part  of  the  specimen/saaple,  is  eccal  tc  the  sum 
losses  from  the  surface,  which  liiits  its  this  part. 


of  heat 
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Fig.  4-5.  Hocking  secticn  cf  the  irstallaticq  cf  0.  L.  T i*  rot  and  V. 
Yej  Peletskiy  [4-17].  1 - s feciaen/saap lej  < - cathode  of  lateral 
heatioc;  3 - antidynatrcn  wire  screen;  4 - csseibly  of  end  cathode;  5 
- aounting  flange;  6 - tubular  insulator  of  the  syst ca  of  suspension; 
7 - ara  cf  the  systea  of  sutpensiop;  8 - screen  of  ara. 

Cage  109. 

Calculated  relatiocship/ratic  for  the  coefficient  of  theraal 
conductivity  takes  the  feta 

i+n/» 

4 j q.dz 

"Eg1, .ITT  • H-23) 


Thus,  if  in  experiment  ve  aeasured  T{2)  and  <h(T),  then  these 


data  ace  sufficient  for  deteraining  the  local  value  of  the 
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coefficient  of  thermal  conductivity.  Corrections,  which  consider  the 

two-dimensional  character  cf  problem,  can  le  introduced  to  the  basis 

cf  the  given  above  analysis.  Under  the  condition  of  the  introduction 

in  (4-22)  of  mean  longitudinal  gradient,  the  coefficient  of  heat 

ccgdudtivi ty  must  be  referred  to  mean  teaperature  of  section 
T 4-  T 

r»  _ r***2r  * ■ The  recording  cf  upper  integration  liait  in  the  fora  of 
sum  La  C/4  makes  it  possible  to  uniformly  ccrsider  the  contribution  of 
leases  froa  cold  end/face. 

For  measuring  the  temperature  in  s pec i uen/sample,  are  drilled 
several  radial  pyrcmetric  chancels  cf  a small  diameter  (0*5-1  mm)  not 
less  than  5-6  diameters  deep.  These  channels  make  it  possible  to 
simulate  in  the  separate  sections  cf  speciaen/sample  blackbody  and 
thereby  they  aake  it  possitle  in  week  with  the  optical  pyrometer  to 
study  the  field  of  actual  temperatmres  iq  spe ci men/saaple- 

The  study  of  the  temperature  dependence  cf  specific  radiation 
losses  is  carried  out  by  pi  tc  the  merk  of  lateral  cathode  (sometimes 
for  equalization  qf  temperature  field  - im  ccmtinaticn  with  end).  In 
this  case,  besides  temperature,  are  measured  also  complete  emissive 
current  I,  caught  into  £ pec i men/sa  i p le,  and  accelerating  voltage  U, 
and  also  the  electrical  power  of  cathodeq.  In  gtmady  state  entire/all 
conducted/supplied  to  specimen/samp le  power  is  expen d/ consumed  on 
emission/radiation  (by  work  furcticn  of  electro  is,  by  losses  to 
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J-radiation,  by  the  dissipation  of  energy  it  clearance  cathode  - the 
anode  with  vacuus  10~*  in  Hg  with  accelerating  voltages  of  5-10  kV  it 
is  possible  to  disregard).  Beat  withdrawal  cn  tie  filanents  of 
suspension  (tungsten  wire  0.1-C.2  ■■  in  diaaetet)  can  be  disregarded. 
Under  these  conditions  the  energy  balance  appears  as  follows: 

67-f  AQ„=j  9,  (7*)  ds,  (4-24) 


where  AQ*  radiant  flux  ficn  cathodes,  perceived  by 
specinen/sanple;  S - surface  of  s pe ci len/sa ■ pie . 


Fage  110. 


If  is  calculated  tic  average  value  of  cpecific  radiation  in  this 
coqditions/aode  = (t// -f- AQ)/S,  where  aQ  = AQ,-S„  q„-  the 

specific  radiation  of  blackbcdy;  S t,  - total  surface  cf  the  cross 
sections  of  pyroaetric  channels,  then,  as  shown  in  [4-17],  q„  and  q0 
they  nust  be  referred  tc  aean  teaperatnre  deteriined  by  the 
relationship 


T = 


|^-|r(S)dsj,/2 


(4-25) 


The  error,  connected  with  this  character  of  averaging,  will  not 
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exceed  0.05-0»1o/o. 

tet  us  note  that  this  fart  of  the  experiment  has  independent 
value*  since  it  Bakes  it  possible  to  obtain  the  important 
characteristic  of  material  - integral  hemispheric  emissivity  factor. 
Ihe  latter  can  be  found  from  the  fcrmula 

—fr  [>-Th  (?-')]•  (4'26) 

where  a - constant  of  stefana  - Boltzmann's  law;  T - temperature 
calculated  according  to  equation  (4-25) . 

One  should  indicate  the  possibility  in  principle  of  another  type 
that  instituted  on  equation  (4-23) . Let  us  eianine  the  differential 
equation  (in  one-dimensicnal  approach/appccxiaation) , which  describes 
the  process  of  thermal  ccndictivity  under  conditions  of  the 
experiment  in  question: 

=ri  (*£)-“ |4'271 


Utilizing  the  knowr  conversion 
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a dq  dT  _ q dq 

«7)—  dT-dz  x dT’ 


where  q = —i~  — heat-flux  density,  it  is  pcssikle  tc  lead  (4-27)  t< 


the  f$rm 


dq'=±-Xq,dT. 


Eage  111. 


Approximating  the  radiaticn  lcsses  by  the  exponential  function 
cf  form  q,=ATn  and  after  passing  tc  the  total  flux  through  section 
> = Fq,  we  will  obtain: 


d (q.T)  ■-'('!+ I) 


Thus,  the  derivative  of  the  sguare  of  feat  flux  on  the  product 
cf  specific  losses  to  temperature  is  directly  proportional  to  the 
true  coefficient  of  the  thermal  conductivity  of  substance.  The 
experimental  data,  processed  it  cccrdinates  Q\  mud  qj,  must  be 
placed  to  the  curves  vhese  curvature  is  deteriired  by  the  temperature 


J 
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course  of  the  coefficient  cf  thermal  conductivity.  Per  the  small 
intervals  cf  temperature  in  which  tie  ttenal  ccnductivity  virtually 
remains  constant,  it  is  possible  tc  expect  tie  linear  dependence  Q* 
cn  <fJ  It  is  real/actual,  after  integratieg  (0.29),  we  will  obtain: 

^ =F(n  + i)  +C . (4-30) 

where  C - constant,  which  considers  boundary  ccnditicns;  Qx—  the 
tctal  flux  of  heat  in  seme  section  at  temperature  T;  4*  — specific 
radiact  flux  at  this  texperature. 

Baxinun  relative  eirct  of  the  determination  of  the  coefficient 
of  thermal  conductivity  by  the  described  method  lie/rests  within 
limits  cf  10-15o/o  for  the  average  zones  of  specimen/sanpie  at  the 
range  cf  temperatures  tc  2500-2800°!?.  Ey  this  xethod  were  carried  out 
the  measurements  of  the  coefficient  of  the  thertal  ccnductivity  of 
tungsten  (in  the  interval  of  temperatures  cf  12C0-3000oK  [7-20]), 
zircoeiun  (1200-1900°K  £4-17]),  niebium  (14C0-2300°K  [4-18]), 
tantalum  (1300-29Q0°K  [4-16]),  hafnium  (13C0-2CC0°K  [4-19])  and  other 
metals  and  the  alloys. 

The  version  of  procedure  presented,  providing  simplicity  and 
sufficient  reliability  cf  experiment,  ard  alsc  its  high  productivity, 
at  the  sane  time  possesses  the  number  of  deficiency/lacks. 
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Sc,  in  particular,  lower  acascreaert  range  was  United  by 
tenperature  of  1300-1200°K.  Hith  approach  tc  it;  already  fron 
temperatures  of  1500-14C0°K  noticeably  grow/rcse  the  error:  a 
reduction  in  the  intensity  cf  radiant  heat  eaission  was  led  with 
these  tenperatures  to  the  decrease  cf  lcngitudiral  heat  fluxes  and 
the  increase  of  error  in  the  deter i ination  cf  tenperature  gradients. 
Cn  the  other  hand,  neascrenent  with  maximum  tenperatures  they 
hindered  due  to  the  shielding  effect  of  circular  reflector.  And  if 
during  measurements  q$(T)  circular  reflectcc  could  with  wish  be 
abstr het/renoved  fron  s peci len/sai p le,  then  in  experiment  with  end 
heating  its  presence  was  necessary.  In  connection  with  this  the  value 
of  the  actually  lost  raciapt  thermal  flux  decreased  more  noticeably 
the  nearer  to  this  ring  was  arrange/located  tfce  cell/elenent  being 
investigated  on  surface  cf  specinen/sanple.  In  the  first 
approximation,  this  charge  could  be  taken  irto  account  by  the 
correction  * of  the  fern 


DOC  * 781 33105 


PACE  .^r 


= -x); 


X 


0.-D  TT  *. 


(4-31) 


Here:  U — the  length  of  the  ring  of  reflector;  D,—  its 
diameter;  <?«—  its  own  specific  ei  issicn/r  ac  iat  io«  froa  its  surface, 
turned  to  specimen/sample;  a = arctg  5^-5.  flora  x — distance  from 
reflector  to  the  circular  cell/eleaent  of  tie  s peciaen/saaple,  for 
which  is  examined  the  energy  balance;  e—  eaissivity  factor  of  this 
cell/element. 

Derived  by  the  method  of  relationship  cf  projections  [2-60] 
foraula  (4-31)  mates  it  possible  tc  faster  crly  rate/estiaate  the 
character  cf  a change  in  the  correction  along  the  length  of 
spcciaen/s ample  (in  the  rapge,  external  with  respect  to  ring),  rather 
than  to  give  its  sufficiently  precise  value.  The  study  of  foraula 
(4-311  shows  that  already  during  approach/apprcxiaation  to  the  zone 
cf  reflector  for  the  distance,  egual  to  three  clearances,  the 
correction  caq  have  noticcatle  value  and  its  introduction 
ccapulsorily.  The  presence  of  the  shielded  zone  near  hot  end/face 
narrows  the  working  zone  cf  speciaeq/saiple  and  with  respect 
noticeably  is  decreased  upper  teapccature  tcupdary  of  reliable  data. 


BCC  * 78133105 


PAGE  — «r 


To  a certain  degree  with  this,  it  is  possible  tc  reconcile,  since  the 
large  part  of  the  zone,  being  the  section  ci  shaping  of  temperature 
profile,  nevertheless  must  be  re ject/thiown.  However,  can  be  found 
ether,  more  effective  solutions. 


Cage  113. 


Cne  should  indicate  one  additional  deficiency/lack  in  the  first 
version.  Any  change  in  an  cxperiaeit  is  integral  enissivity  factor 
iaaediately  will  lead  tc  the  error  in  the  acasureaents  of  theraal 
conductivity,  to  r eveal/detcct  this  change  is  sufficiently  difficult. 
One  of  the  paths  is  here  checking  theraal  balance,  instituted  on 
assumption  about  equality  the  introduced  into  ead/face  theraal 
electronic  power  (aeasured  with  error  not  acre  than  2-3o/o)  and 
leakage  flux  from  an  entire  surface  of  spec inen/saaple.  However,  the 
iafcraation  of  this  balance  is  faindec/hanpered,  since  under 
conditions  of  heating  from  end/face  tie  larce  part  of  radiant  energy 
is  scattered  precisely  frca  these  tost  heated  zcqes,  temperature 
check  cf  which  is  virtually  impossible  (hot  end/face  and  the  shielded 
zoqe  of  shaping  of  temperature  profile),  it  the  same  time  a change  of 
enissivity  factor  due  to  the  chemical  interaction  of  the  material  of 
s pecimen/sample  with  residual  gases  can  be  observed  precisely  in  the 
range  cf  moderate  temperatures  ( 1000- 16C0°E) the  contribution  by 
eaissicn/radiation  of  which  to  total  energy  balance  is  very  small. 
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Output  fioi  the  difficulties  indicated  is  the  direct  neasureaent  of 
the  working  heat  fluxes,  returced  frca  cold  eod/face  and  lateral 
surface  of  spec iae n/saa p le. 

On  Figs.  4-6  and  4-7,  are  represented  schematic  diagram  and  the 
constxucticn/design  of  the  fcorking  section  cf  experimental 
installation  of  V..  re.  Feletskiy  and  la.  0.  Sctcl',  created  taking 
into  account  the  given  regu ireient s. 
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Fig.  >-6.  Scheaatic  diagrai  of  installation  of  1.  Ye-  Peletskiy  and 
Ya.  G<  Sobol*.  1 - theracaetric  sensor  (di f rere ntial  theraopile);  2 
housing  cf  calorineter;  3 - aapule;  4 - speciaen/saaple;  5 - screen 
6 - focusing  electrode;  7 - cathode  asseably. 

I age  114. 

Ixperiaental  aodel  by  cne  of  its  end/leads  is  attached  in  the 
special  aapule,  aade  fee*  the  stainless  steel,  with  copper  cap.  The 
cap  of  aapule  screws  itself  intc  the  working  acre  of  the  water 
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continuous-f low  calorimeter  whose  irterral  teaker  is  aade  froa 
ccpper.  Threaded  connection  together  with  ccitact  on  end  of  surface 
they  provide  low  thermal  resistance  between  the  cap  cf  aapule  and  the 
calorimeter,  which  lakes  it  possible  tc  surest  here  sufficiently  low 
teapeiature  (300-400°K)  . 

The  upper  plane  of  the  cap  cf  aapule  determines  by  itself  the 
working  section  of  the  specimen/sample  in  which  are  conducted  the 
aeasuceients  of  heat  flux  and  gradient  cf  tc ■ pe  iatures.  Por  the 
protection  of  calorimetric  part  of  radiant  fluxes  frci  the  lateral 
surface  of  the  zone  of  s peci men/sa mple , which  protrudes  above  the 
cap,  and  the  cutoff  of  energy  flows  cf  cathcde  assembly  the 
protruding  part  of  the  speciien/saiple  is  surrennded  by  the  nassive 
vater-“cooled  copper  screen.  Its  lower  plaoe  disengages  the  cap  of 
aipule  the  Minimum  clearance  (C.5-C.8  ax),  fixed/recorded  with  the 
aid  of  the  setting  drum,  aade  froa  organic  class.  The 
copstruction/design  of  the  poict  cf  attachment  cf  screen  and  its 
installation  relative  tc  the  cap  of  aapule  is  selected  so  that  to 
ensure  considerable  thermal  resistance  beticen  then.  This  makes  it 
possible  tc  exclude  the  errer,  connected  with  the  change-over  of  heat 
by  thermal  conductivity  fren  screen  to  calcrineter  or  vice  versa. 

The  length  (height/altitude)  of  screen  is  determined  by  the  need 
for  the  arrangement/positicr  above  the  working  sccticn  of  the 
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speci wen/sample  one  or  tec  cf  tie  pyrcietric  channels,  necessary  for 
the  reliable  measurement  cf  temperature  field.  Furthermore,  as  shown 
above,  these  channels  must  te  located  ir  tke  zone  of  the  formed 
temperature  profile.  This  requirement  with  respect  increases  the 
necessary  length  of  screen  tut  that  means  and  of  the  nonoperative 
part  cf  the  specimen/saaple ) . virtually  depending  on  the  Conditions 
cf  the  focusiqg  of  electron  bean  cr  the  end/face  of  specimen/sample, 
th«  length  of  the  zone  cf  shielding  lie/rests  within  limits  (1-1.2) D. 
Loifer  thaq  working  section  specimec/saople  has  an  additional  two 
radial  pyrometric  channels.  <~jTo"'er  entire  leEgth  cf  working  zone 
(from  lower  to  upper  pyrometric  channel)  tke  cap  of  ampule  and  screen 
have  radial  slot  1.2-1. 5 ■■  in  wide. 


) 

) 

> 

) 

> 
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Fig.  4-7.  Working  secticn  cf  installation  cf  V.  Ye.  Peletskiy  and  Ya 
G-  Sobol*.  1 - thecmoaetric  sensor;  2 - housing  of  calorimeter;  3 - 
ampule  of  specimen /sawn pie;  U - spc cimen/sa ■ pie ; 5 - screen;  6 - 
insulator  cf  cathode  system;  7 - flange  of  the  focusing  electrode;  8 
- flange  of  cathode  assembly. 

Eage  115. 


Cne  should  emphasize  the  value  of  the  ampule:  with  a comparatively 
short  specimen/ sample  (about  70  am)  it,  possessing  high  thermal 
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resistance,  makes  it  possible  tc  raise  the  temperature  of  the  "cold" 
end/face  of  specimen/sample  on  several  hundred  degrees  atove  the 
temperature  of  caloriaeter  itself.  Changing  the  therial  resistance  of 
awpule  (both  selection  cf  aaterial  and  by  tie  geometry),  we  can  over 
wide  limits  affect  the  level  cf  the  gradiects  cf  temperature  in  the 
working  section  of  speci len/sai pie . One  shculd  note  also  that  this 
measuring  circuit  allow/assumes  the  use  of  radiation  screening  of 
specimen/sample  and  thereby  it  makes  it  possible  tc  change  the 
re laticnship/ratio  between  lateral  losses  and  longitudinal  heat  flux. 

Calorimetric  beaker  in  upper  part  has  contraction  into  which  is 
introduced  thermometric  sensor.  Sersitive  element  it  is  mwlticleavage 
differential  thermqcouple  (copper-constantin,  or  chrcmel-Oopel) , the 
regulases  cf  joints  of  which  are  derived  on  the  axis  of  channels  for 
feed  and  derivation  of  water  in  calcriaeter.  Hater  first  enters  from 
tie  thermostat  through  the  small  tank  cf  the  fixed  level  into 
external  radial  clearance  of  calorimetric  leaker,  then  washes 
internal  copper  beaker  - heat  receiver  and  is  derive /concluded  from 
the  calorimeter  through  the  central  opening/aperture  of 
temperature-sensitive  element. 

f i 

During  calibration  into  calorimeter  instead  of  the 


f 

_ 


specimen/sample,  is  introduced  special  beater.  Ihey  are  measured  the 
consumption  of  water  (by  the  graviwetric  method),  of  emf  of 
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temperature-sensit ive  elesent  (by  pctentio icter  P)  , of  the 
temperature  of  the  beaker  of  calorimeter  aod  wall  of  ?acun 
eater-cooled  chamber.  Is  acritcrcd  the  tempccatxre  of  screen. 

ab  These  data  are  sufficient  in  order  tc  ottain  the  information  about 
the  heat  floe,  introduced  into  the  calorimetric  system  through  the 
Horking  section  of  specimen/sample  in  basic  experiment,  with  accuracy 
net  Hprse  i(2-3)o/o. 

Heating  specimen/sample,  as  ir  the  pxcceding/previous  version, 
it  is  realized  by  the  electrons,  accelerated  by  electric  field. 
Election  source  is  filaaentary  tungsten  cathode.  Accelerating  voltage 
is  supplied  from  the  high-vcltage  rectifier  E,  (see  Fig.  4-6) . 

Focusing  is  provided  aith  the  aid  of  tie  governing  circular 
electrode,  to  vhich  is  supplied  negative  displacement  from  rectifier 
E2w  cathode  assembly  is  fastened  tc  the  moarting  flange  of  screen 
aith  the  aid  of  tubular  insulators.  In  experimerts  the  assigned 
comditions/mode  is  monitored  aith  the  aid  of  k i lovoltmetes  kV  and 
ammeter  A*,  shielded  by  interlock  systei  B. 

Calculation  of  the  coefficient  heat  Conductivity  of  work  during 
this  installation  is  perfected  cn  the  tasfs  cf  equation  (4-12),  in 
ahich  value  Q exists  the  heat  flux,  measured  by  calorimeter  and 


i . 


I 

J 
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corrected  taking  into  account  corrections.  Ite  latter  are  connected 
mainly  with  a difference  in  radiant  fluxes  into  radial  clearances 
s peciaen/sample  - the  cap  cf  calorimeter  tc  the  side  of  screen  and 
specimen/sample  - screen  to  the  side  of  calcrimeter.  Difference  is 
caused  by  the  presence  cf  the  gradient  cf  temperatures  in 
specimen/sample, 

Allowance  is  calculated  on  the  basis  cf  the  data  on  the 
coefficients  of  the  irradiance  of  system  [.2-4,  2-17,  4-20]  indicated. 

Eage  116. 

The  described  installation  provides  higher  accuracy  and  the 
reliability  of  experiaectal  data.  A aaxiaui  systematic  error  in  the 
results  lie/rests  within  limits  ±(5.5-€)  p-/cw  Its  considerable 
portion  is  caused  by  the  systematic  error  ir.  the  determination  of  the 
longitudinal  gradient  of  teiperatures,  which  is  found  in  this  case 
(during  the  use  of  a micr cpyro meter  of  the  type  OHP-054)  in  range 
♦(4-4*5)o/o.  The  scatter  cf  points  at  separate  investigation 
lie/rests  within  limits  _i(4-5)o/o.  Eeproducitil ity  between  the 
series,  conducted  with  different  specimen/semples  of  one  and  the  same 
caterial,  also  is  placed  jq  this  value. 

The  experience,  aeguired  in  w<tk  dmrirg  installations  with 
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elect no ni c heating,  makes  it  possible  tc  affect  that  and  in  the  range 
c £ high  temperatures,  the  acthcd  of  lcqgitudinal  heat  fluf  in  the 
appropriate  formulation  can  be  the  effective  instrument  for  studying 
the  coefficient  of  the  therial  conductivity  of  uetals  and  alloys, 
uhich  are  not  inferior  cn  accuracy  to  the  test  versions  of  other 
procedural  approaches. 
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Chapter  Five. 


HIGH-IEMPEEATURE  STUDIES  OF  RESISTIVITY. 


5-1.  Ohm's  law  and  its  nse  in  experiment. 


As  is  Known,  specific  conductivity  • in  anisotropic  body  in  the 
general  case  is  tensor  cf  second  order  and  connects  vector  of  density 
cf  electric  current  /<  and  the  vector  cf  electric  intensity  £*  by 
the  relationship 


it  — Ort£*  (i,  A=l,  2.  3). 


The  matrix/die,  to  the  reciprocal  sat  nix  of  specific 
conductivity,  determines  by  itself  the  tenser  cf  resistivity  P<*. 
that  naking  it  possible  tc  ccncect  the  valce  cf  intensity/strength 
and  electric  current  density: 

(i,  A ^1.2,  3).  (5-2) 


Eage  117. 


fin  both  formulas  the  repeated  index  k is  the  index  of 
addition).  It  is  obvious  that  for  isotropic  materials  a and  p they 
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ar«  scalar  quantities,  Ihis  substantially  simplifies  their 
measurement  and  the  calculaticn  of  current  distribution  in  bodies. 

Iquations  (5-  1)  and  (5-2)  , that  determine  specific  conductivity 
and  specific  resistance,  cannot  be  directly  usee  as  the  basis  cf 
experimental  procedure.  Ihey  must  be  supplemented  by  the  equation, 
which  determines  the  distribution  cf  electric  potential  in  the  body 
in  question.  Such  equation,  as  is  knewn,  is  the  equation  of 
continuity  (expressing  conditicc  cf  ccnsesvaticq  of  charge),  which  in 
the  case  of  steady  currents  takes  the  fora  cf  the  equation  of  Laplace 

4^-0. 


For  a uniform  linear  conductor  by  section  S,  loaded  by  current, 
the  solution  of  boundar y-value  problem  especially  simple  allows, 
after  measuring  total  current  I and  a drop  iq  voltage  U=Vt-V2  on 
section  xa-x,*L,  to  calculate  the  unknown  value  cf  specific 
resistance: 


f 


T""X' 


(5-3) 


let  us  note  that  in  this  case  tc  lateral  scrface  of  the 
conductor  of  leakage  of  current  are  assuaec  tc  be  equal  to  zero, 
i.«.,  =0.  This  ccndi  tior  is  equivalcrt  tc  the  assumption  about 

the  adiabatic  insulation  of  system  in  problems  in  thermal 


conductivity.  In  the  preceding/pre vioua  chapters  ve  saw,  which  wore 
difficulty  causes  the  realization  cf  this  condition  in  stwdies  of  the 
coefficient  of  thecnal  conductivity.  During  the  neasureieots  of 
electrical  conductivity,  the  situation  is  substantially  sinpler.  The 
levels  of  the  specific  conductivity  cf  diftecent  naterials  are 
distiaguished  on  nany  ordecs,  and  the  sufficiently  strict  realization 
cf  the  boundary  conditions  in  question  is  net  any  conplex  problen. 
This  in  turn,  deternine  the  possibility  of  the  essential  increase  of 
accuracy  during  the  measurements  of  electrical  conductivity.  So,  for 
the  problen,  foraulated  ateve  (and  nest  by  iregiently  utilized  during 
measurements),  the  systcaatic  errors,  connected  with  the  inaccurate 
realiiation  of  boundary  conditions,  are  virtually  absent. 

Page  118. 

The  error  for  experiaent  determines  errers  cf  measurement  of 
difference  potentials  60,  tctal  current  61  and  the  geometric 
dimensions  of  conductor  by  length  6L  with  cross-sect ional  area  6S. 
During  the  precision  analysis  cf  tie  conductivity  of  conductive 
materials  (metals  and  alloys)  lost  wide  propagation  will  obtain 
compensative  measuring  circuits  with  direct  current.  Here 
consecutively  with  the  spcciaen/saa pie  being  investigated  is  included 
specimen  qcrmal  resistance,  and  in  the  working  zcqe  cf 
speciaen/saaple  by  fine/thir  conductors  are  made  two  potential 
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derivations.  This  scheaatic  lakes  it  possitic  ere  and  the  sale 
potentioaeter  to  measure  voltage  dicps  access  specimen  resistance  and 
uerking  section  of  specimen/sample  and  to  eliminate  the  effect  of 
contact  resistance  in  the  places  of  the  conrection  of  neasuring 
meters.  The  comautation  of  aeasurirc  current  takes  it  possible  to 
eliminate  in  this  case  the  effect  cf  parasitic  thermoelectromotive 
force  in  aetering  circuits. 

The  contemporary  potentiometers  of  direct  current  provide 
accuracy  tc  the  thousandth  fields  cf  percentage,  and  specimen  coils  - 
to  O.GIo/o.  Thus,  the  measurement  of  electrical  resistance  R=U/I  of 
marking  section  can  be  carried  out  kith  errer  from  several  hundredth 
tc  the  tenths  of  percentage.  Let  us  note  that  in  this  case  is 
indifferent  the  level  of  teaperature  of  speciae n/sa ■ pie.  The 
calculation  of  specific  resistance  is  connected  with  the  use  of 
results  of  the  aeasureients  of  the  cecaetry  cf  £ peciien/saiple.  With 
net  tfo  snail  size/diiensions  its  corresponding  errors  also  can  be 
sufficiently  snail. 

The  object/subject  of  special  studies  is  it  he  teiperature 
dependence  of  conductivity.  If  speci nen/sa a p le  is  noni sotkeriic, 
arises  the  question  concerning  the  calculation  cf  the  reference 
teiperature  of  the  specific  conductivity,  designed  on  the  total 
resistance  of  section,  fiith  the  knem  character  cf  teiperature  field. 
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this  ices  not  cause  difficulties  and  i>t  can  te  carried  out)  with 
sufficiently  high  accuracy. 


Jn  suuuary  simplicity  and  reliability  cf  .the  realization  of  aost 
siaple  boundary  conditicns  in  ccnb jqaticn  kith  high  precision  of 
instranents  for  measuring  of  electric  currents  and  vcltages  create 
the  prerequisites  for  tie  precisicr  aeasureients  of  the  specific 
conductivity  of  aaterials  in  all  interval  cf  teaperatures. 


Page  119. 


Dif f iculties,  with  which  we  collide  in  high-ten perature  range,  ace 
caused  by  the  coaaon/general/total  pro t leas  of  high- teaperature 
techniques  related  to  Baking  nore  active  of  the  processes  of 
destroying  (change)  in  aaterial,  tic  complexity  of  the  creation  of 
the  assigned  type  of  teaperature  distribution  and  its  reliable 
measurement.  Even  in  the  siiplest  aetbcds  these  factcrs  soaetiaes 
beccae  deteraining.  He  kill  consider,  for  exaaple,  experiment  in  the 
vise  speciaen/sanples,  leatcd  by  tie  passing  ccrrent. 


The  strong  dependence  cf  the  electrical  resistance  of  the 
■ajority  of  aaterials  or  teaperature  iaposcs  stringent  requirenents 
to  the  reliability  of  tie  determination  of  teaperature  of  reference. 
Ia  the  range  of  high  teape ratures,  this  pccllea  is  sclved  aainly 
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aethods  of  optical  pyroaetry,  which  require  the  knowledge  of 
eaissi,vity  factor  of  aaterial. 

The  essential  dependence  cf  tie  latter  c^  the  physicochemical 
and  mechanical  states  by  that  radiating  surface  ccnductor  forces  to 
carry  out  vacuum-thermal  treatment  of  s pecixen/sample, 
■aintain/withstand ing  it  sufficiently  fcr  lcng  with  very  high 
teapeEatures  in  fine  vacuus.  In  this  case , it  is  necessary  to 
consider  the  action  of  two  effects:  collecting  rectystallization  and 
the  sublimation  of  material.  The  consequence  of  the  first  can  be  the 
distur tance/breakdown  of  tie  physical  uniformity  of  conductor,  caused 
by  the  autual  shift/shear  of  the  separate  crystallites,  which  grew 
for  all  the  section  of  specimen/sa sple  [5-1].  In  this  case  resistance 
cf  conductor  noticeably  grow/rises;  the  calculation  cf  specific 
resistance  becomes  complicated  due  to  the  indeterminancy/ancertainty 
cf  shape  factor. 

The  second  effect,  on  cne  hand,  leads  to  a change  in  the 
■icroEOughness  of  specisen/samp le  (and,  cc rsegcently , of  its 
eaissfvity  factor) , but  cn  the  other  hand  - charges  its  cross 
section.  Kith  temperature  rise,  the  rate  of  this  change  can  become 
so/such  essential,  that  it  will  exclude  the  possibility  of  the 
ncnautcaated  (by  the  way  speaking,  new  most  precise)  aeaswreaents  of 
the  electrical  parameters.  The  calculation  cf  specific  conductivity 
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under  these  conditions  requires  ceding  specinen/sanple  and 
■easureient  of  its  geonetry  after  each  "hot"  condition  s/node. 

The  action  of  the  lactcrs  indicated  is  exhibited  note 
powerfully,  the  thinner  the  conductor,  respite  the  fact  that  the 
suppressing  number  of  retercnce  data  cn  the  electrical  resistance  of 
■ctals  in  high- tem perat ere  range  obtained  precisely  in  wire 
speciien/saaples,  was  necessary  precaution  kben  selecting  and 
realization  of  this  uetbod. 

Page  120. 

the  action  of  the  lactcrs  indicated  is  exhibited  such  more 
weakly  during  the  use  of  nassive  s peciten/^aiples. 

it  is  certain,  the  realization  of  heating  s peciien/sh iple  by  the 
direct/straight  passage  of  current  here  beccies  unsuitable.  On  one 
haqd,  this  is  connected  with  a sharp  increase  cf  the  strength  of 
current  (to  several  thousand  anperes) , with  ancther  - with  the  need 
for  considerable  increase  in  the  length  of  specinen/sanple  for 
decrease  to  the  acceptable  value  of  the  degree  cf  the 
rcipisetheraicity  of  working  section.  Expedient  can  be  placed  in 
coapasatively  short  speciien/saiples,  heated  because  of  external 
sources.  This  sonewhat  complicates  the  constructicn/desigo  of 


Further,  which  is  very  suhstartial,  at  increase  in  tie  diameter 
lakes  it  possible  tc  organize  the  reliable  aeas urenents  of  the  actual 
teapeEature  of  metal  to  which  aust  be  referred  the  found  value  of 
electEical  conductivity.  Curing  high-tecperature  precision 
measurements  of  electrical  conductivity,  everything  said  above  forces 
to  give  preference  to  the  lethcds,  crierted  for  the  use  of  massive 
speciaen/sa spies. 


5-2.  The  method  of  measuring  specific  electrical  resistance  at 
teapesatures  higher  than  1000°C  with  the  use  of  electronic  heating. 


The  considerations  presented  higher  than  were  taken  into  account 
during  the  developaent  cf  the  high-teapecatire  version  of 
compensative  the  aethod  of  direct  current,  developed  by  the  authors 
cf  work  [5-2]  on  the  basis  cf  the  electronic  heating  of 
spcciaen/s ample. 
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aid  of  potentiomctric  probes) ; switching  is  ccncucted  by  t hormocou pie 
switch  TP.  One  of  the  current  electrodes  of  s p< c iien/sai pie  is 
grounded  through  milliaaaeter  (A  and  blocking  eo uipment/device  Bn. 
Introduction  of  the  latter  oell/eleiert  war  caused  by  the  use  of  a 
s peciaen/sample  as  the  anede  in  the  systen  cf  electronic  heating, 
aade  According  to  the  schematic  ct  vacuun-ti.be  diode.  The  electrons, 
emitted  by  cathode,  are  accelerated  electorital  field  created  with  the 
aid  of  the  source  ot  high  voltage  ct  IVN,  between  the  cathode  and  the 
anode- form , bombard  and  heat  the  latter.  Plus  cf  rectifier  is 
grounded.  The  electrical  circuit  of  the  systen  ct  electronic  heating 
is  closed  through  the  earth  circuit  cf  specner.  The  located  in  this 
circuit  mi  lliammeter  it  is  utilized  for  a deck  cf  the  anount  of 
powers  introduced  into  r peci nen/sa i p le  (but  thereby  indirectly  and 
after  the  temperature  ccnditiors  of  bcatinc).  Blocking 
equip nent/de vice  UU  shunts  ail liam pereueter  uith  the  kicks  of 
enissive  current,  possible  in  the  ccndit,ic  f s/aedes  of  vacuus 
training/aging  and  annealiqg  of  specimu o/saiple.  For  limiting  the 
value  cf  these  kicks  and  softening  of  the  terk  cf  an  entire 
schematic,  is  utilized  resiEtarce  *?».  ahich  includes  nonlinear 
ccapooent,  made  on  the  basis  of  leaps  AG-5  1 (220  V,  300  W)  . 

The  source  of  high  vcltage  is  aadc  according  to  three-phase 

bridge  circuit  and  has  cn  ortput  vcltage,  adjusted  within  the  liaits 

5.6-10  kV. 
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The  supply  of  cathodes  (filamentary)  is  realized  by  alternating 
current  from  the  source  of  variable  voltage  IBK,  that  includes 
isolation  transformer  with  the  intersive  electrical  insulation  of 
windimgs.  Mith  datum  to  the  schematic  cf  grounding  the  cathodes  are 
found  under  high  potential  relative  to  the  earth/ground. 

Per  the  prevention/war  ring  of  the  incidence/impingement  of 
electrcns  to  the  grounded  heusing  cf  vacuum  chamber  between  cathode 
system  and  housing,  is  placed  the  cylindrical  screen,  on  which  is 
supplied  the  negative  with  respect  to  catbcde  bias  voltage  from 
auxiliary  battery  B2,  controlled  by  voltmeter  V. 

Thus,  the  common/general/total  electrical  installation  diagram 
oonsists  in  this  case  of  twe  main  subcircmits,  united  by  overall 
section  - speciaen/sample  with  current  electrodes.  In  this  case, 
immediately  arises  the  guestion  concerning  the  value  of  the  possible 
errors,  connected  with  the  presence  in  the  s pec inen/sa mple  and  other 
ce ll/elements  of  the  anede  current  circuit  cf  >tbe  schematic  of 
heating.  Sc  that  the  study  cf  this  problem  will  be  more 
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fig.  i-2-  Constructiop/design  cf  the  working  section  of  installation 
foe  measuring  specific  resistance  of  metalm  by  the  method  of 
electronic  heating. 

Page  123. 

These  filaments  are  arrange/located  around  £ pec imen/sample  and 
parallel-connected  between  themselves.  Screen  assembly  has  a form  of 
the  squirrel  cage,  arracge/located  concentrically  with  respect  to 
specimen/sample;  its  grid  6 is  made  frem  molybdenum  wire  0.5  mm  in 
diameter.  Cathode- screen  assembly  has  a joint  i>n  vertical  plane  for 
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convenience  iq  installation  and  replacement  c£  s peci me n/sa mple  and 
cathodes. 

All  cell/e leae nts  cf  electronic  heater  are  fastened  under  the 
upper  flaqge  of  7 vacuui  camsra/chambers  tc  eater-cooled  8-shaped 
take  rfFE-  8.  Insula tion/isclation  cf  speciaen/s a mple  with  electrodes 
frcm  vacuua  chamber  is  realized  with  the  aid  of  directing  porcelain 
tubes  ttsfh  9 and  end  insulators  - lover  10  (porcelain)  and  upper  11 
(mica}.  Insulation/isolation  of  cathode-screen  assembly  from  vacuum 
chamber  and  specimen/sa iple  - electrode  system  is  made  in  the  fora 
supporting /reference  12  and  directing  13  porcelain  tubes  it  is 
designed  on  10  IT.  The  clearances  between  tfce  separate  elements  of 
these  systems  compose  value  not  less  than  ( mm.  Imsu latiom/isolation 
between  the  cathode  and  the  screen  is  realized  with  the  aid  of  wall 
eatcance  insulators  14,  lade  frcm  pcrcelain  cnes  beads  and  quartz 
capillary,  and  it  is  designed  to  tte  bias  vcltacc  on  the  order  of  300 
1. 

All  insulators  are  protected  frcm  faceting  dusty  by  the  products 
of  the  sublimation  of  specimen/sample  by  washers  made  of  sheet 
tantalum,  which  excludes  the  possibility  of  surface  breakdown  or 
leakage  of  measuring  current  or  insulators. 


For  the  protection  of  the  holders  cf  ccrrect  electrodes  from  the 
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electron  bombardment,  are  establ ish/installcd  ccte-shaped  reflectors 
IS  of  the  wiring,  to  which  is  supplied  the  potential  of  cathode. 
Holders  of  the  potentioietr ic  electrodes  are  protected  from  electron 
boabardaent  with  tantalum  tubes  16,  which  have  the  potential  of 
screen. 


Proa  the  side;  of  inspecticn  window  of  the  vacuum  caaera/chaaber, 
screen  grid  foras  a slot  through  which  is  ccnducted  the  pyroaetry. 

All  electrodes  are  arrange/ loc ated  cn  upper  flange.  The  vacuum 
packing/seal  of  po tenticaetric  electric  leac-ins  is  realiied  in 
standard  aushrooa  connection  17. 


The  electric  lead-ins  of  aeasuring  current  are  Bade  in  the  fora 
of  stad  bolts  18,  condensed  by  teflon  hushings.  High-voltage  electric 
lead-ins  are  attached  in  teflon  insulator  IS,  condensed  with  the  aid 
c|  rubber  packing  20. 

Cathode  asseably  with  speciaen/saaple  is  placed  into  vacuum 
chamber  where  during  work  is  supported  pressure  crder  10"«  aa  Hg, 
controlled  by  vaccuaaetcr  VHB—  2 in  asseably  with  sensor  HH-8. 

The  combined  exaainaticn  of  the  schematic  diagram  (see  Pig.  5-1) 


and  the  constructipn/desigws  of  installation  (Fig.  5-2)  aakes  it 
possible  to  make  conclusion  about  the  inevitability  of  the  appearance 


N. 
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cf  secondary  stresses  on  the  different  sections  cf  measuring  circuit, 
which  is  located  in  the  zone  cf  a c atbcde-a rede  assembly. 

Struggle  for  the  iscthermicit y of  spec 1 men/ sample  forces  to 
allcw/assume  the  considerable  scatter  of  electron  bean  fron  cathode 
in  interelectrode  space.  To  shield  potcnticietr ic  probes  fron 
electrons  under  these  ccnditicps  is  proved  tc  be  inpcssible. 

Page  124. 


the  portion  of  conaon/ceneral/total  electronic  flux,  coning  to 
prmbe  to  specinen/sanple , vill  cause  the  appearance  cn  it  of  a 
parasitic  potential  difference 

A (A ={&»/*, 


where  /,—  the  total  current  of  enissicn;  jjj  - coefficient, 
depending  on  the  geonetry  of  system,  potential  distribution  in  screen 
- filament  systen  - specimen/sanple,  the  material  of  probe  and  series 
cf  ether  factors.  The  currents,  which  fall  Item  cathode  tp 
spccimen/sample,  are  accumulated  tc  ground  pcint,  being  distributed 
in  accordance  with  effective  resistances  of  metering  circnit.  To 
analytically  calculate  the  ceased  ty  thee  supplementary  vpltage  drop 
across  working  sectioa  AUP  J s sufficiently  difficult,  since  in  the 


r 
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general  case  this  problea  ol  two-diaensiooal  (at  least)  potential 
distribution  in  systea  kith  arbitrary  density  distribution  of  current 
on  the  lateral  surface  ct  speciaen/saapla*  lctal  analysis,  however, 
aakes  it  possible  to  note  that  value  MJ p is  proportional  to  coanon 
eaiss£v«  current  /,  and.  just  as  for  proves,  can  be  written  in  the 
fora  pp/.  Proportionality  factor  is  deterained  by  the 

conditions,  enumerated  for  fi3.  Coefficients  fa  aad  ft>  in  the  first 
approyiaation,  do  not  depend  on  the  directicq  of  aeasaring  current  I. 
This  Allows  with  sufficient  for  an  experiaect  accuracy  to  exclude  the 
effects  in  question,  utilising  the  aeasure aects,  made  in  two 
directions  of  aeasuring  current. 

It  is  real/actual,  the  overall  potential  drop  on  working  section 
vj.ll  be  egual  in  one  case 

U\ =/W?+0p/»+ 

aad  in  other 

—l/*** — l*R+Ppl*+falt. 

where  S - resistance  of  working  sectioc.  Ibis,  kith  /,»  const 
(v«ln4  /,  is  aonitored  with  accuracy  not  less  than  0.  1-0. 2o/o) , 
after  deducting  one  expression  of  another*  we  will  obtain  equality 


4 

J 


1 


1 


i 
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8 = ( 0 i*U*)  , in  which  the  additive  tens,  caused  by  the  electron 

bcabaEdaent,  are  absent.  Let  us  note*  besides  the  fact  that  the  value 
cf  measuring  current  usually  not  less  than  by  an  order  exceeds  the 
value  of  eaission  current  10  A:  /»<0,5  A). 

Page  125. 


The  reception/procedure  of  the  use  of  t ccaautation  of  neasuring 
current  indicated  in  the  general  case  nakes  it  possible  to  reaove 
effect  of  parasitic  theiaoelectrcactive  force*  caused  by  a difference 
in  the  tenperatures  in  the  specinep/saaple  between  the  contact 
area/sites  of  probes.  Taking  into  account  that  currents  I,  and  I2  are 
deterained  froa  drops  ic  vcltage  0Oi  ard  Ooa  cr  the  specimen  coil  R0, 
final  calculated  relaticnship/ratio  for  resisting  the  working  section 
can  be  written  in  the  fcllcwing  fora: 


R = R, 


u,  + u. 


(5-4) 


where  the  different  indices  are  related  tp  the  different  directions 
cf  measuring  current. 


tj 


A 


The  calculation  of  specific  conductivity  according  to  the  data 
on  the  value  of  total  resistance  cf  working  section  is  feasible,  if 
is  knpwn  the  fora  of  the  function  cf  density  distribution  of  current 
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according  to  section  S cf  conductor.  In  the  case  of  constant  density, 
the  value  impedance  is  connected  with  resistivity  p fcy  the  known 
relationship/ratio  H=pL/S.  However,  the  ppssibility  of  using  this 
relationship/ratio  under  our  ccnditicns  (short  sped  sen/ sample) 
requires  special  examination,  instituted  09  the  solution  of  the 
corresponding  boundary- raise  problem. 


The  realized  in  cotstruction/design  ,(Eic.  5-2)  version  of 
current  input  to  specimen/sample  corresponds  to  the  assignment  of  the 
specific  potential  on  tie  section  cf  butt  end  of  sped  men/ sample  with 
a radius  of  r0  (equal  a radius  of  current  electrode).  On  remaining 
surfaces,  disregarding  the  emissive  current  (fer  this  problem  this 
admissibly),  it  is  possible  to  take  as  equal  tc  zero  potential 
gradient  along  the  normal  tc  surface. 

Page  126. 

Under  these  conditions  the  solution  of  equating  Laplace  fpr  potential 
distribution  ♦ is  represented  by  relaticqship/c etio  [5-3] 


XV  th  ^ '«  <*■*/*> '» <w/«) 

XL  dT(t.W/») 


where  I - current;  p - resistivity;  Jt  - Bessel  function  of  first 
kipd  <jf  zero  and  first  order;  v«  — positive  the  roots  of  equation 
J»(T)*0.  With  z=0  (eiddle  of  cylinder)  #„=•<).  fcrwula  (5-3)  it  is 
convenient  to  present  in  the  fore 


where  the  nultiplicand  corresponds  to  the  kccwr  fornula  of  the 
distribution  of  current  potential  for  the  case  of  constant  current 
density  over  section,  and  value 


, 2 ri  sh  (Y. 

(*  If)  (r,  #)  £ ch(T. 


(Tf.f  R)  A(Vi'P)J,(V'P) 

y;'o  (t.) 


deter  wines  allowance  for  the  ncnun itcriity  cf  ccrrent  density.  Por  a 
cylindrical  specisen/sanple  with  ratios  H/B*€5/3  and  r0/R=1/7»  the 
results  of  the  calculation  cf  correction  p kith  r=R  (for  the  surface 
cf  specieen/saaple)  are  represented  below. 


IT 


HHR  0 0. 143  0,643  1,143  1.64 

— P 8.17I  0-*  5.64  10-*  1,2210-*  2.19- 10- • 3.8210-* 

LH/R  2.14  2,64  3.14  3,65  4.64 

— H-  6.76  10-*  1,25  10-*  2,4510-*  5,50  10-»  0 

Here  AH/K  - relative  removal/distance  cf  calculation  point  fro* 
the  end/face  of  specinen/saaple.  Allowance  changes  froa  several 
percentages  near  end/face  (AH/EHferO)  tc  zero  in  the  center  of 
speciaen/sample  (AH=H/2) - On  the  basis  cf  ttis  calculation,  it  is 
deterained,  that  the  pctenticaetric  electroces  gust  be  distant  froa 
the  erd/faces  of  speciaen/saaple  up  to  distacce  not  less  than  its  one 
diaaeter  (AH/B^2).  In  this  case  the  correction  for  bending  of 
eguipgtentials  composes  the  value  cf  order  O.OIo/o  and  less  and  it 
can  be  disregarded. 

During  the  calculatioq  of  specific  rtsistarce,  it  is  necessary 
tp  consider  certain  increase  in  resistance*  caused  by  pyroaetric 
channels  on  the  working  section  of  spec inen/sa ■ p le. 

Page  127. 

In  the  first  approximation,  it  is  possible  tc  ccnsider  that  the  total 
resistance  of  section  with  a length  cf  L,.  can  be  presented  in  the 
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fora  of  the  sum  of  resistance  cf  zcqe  without  channels  80  and 
resistance  of  the  zone  cf  conductor  vhese  secticn  decreased  by  radial 
bprings  with  a diameter  of  d and  with  a depth  of  B : 

R=R,  + Rtn  = ? L ~£  + 

or 

R = X [l+X  (fe-1)]'  (S'?) 

where  Rn  = pd'S„  and  the  second  term  in  -the  brackets  T( 

is  correction  for  n cf  pyrcnetric  cavities.  If'is  allowed  uniform 
density  distribution  of  current  in  all  sections  cf  conductor,  then 
resistance  R«  it  will  be  ccmputed  completely  simply: 


where  y.=hd/So. 

Buring  practical  use  results  are  conveniently  presented  in  the 
form  <?f  curve/graph  (RnMm— 1) «/(*)•  Allowance  r\  with  the  selected 

geometry  of  specisen/saaple  varies  within  the  d is its  of  0.02-0.04 
increase  in  the  diameter  cf  spccimen/sample  with  the 
preservation/retent ion/>aintaining  cf  the  geometry  of  the  pyrometric 
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working  section  does  not  exceed  0-f-1c/c  of  maxiaum  temperature. 


The  temperature  distribution  in  the  cress  sections  ofi 
specimen/sample  is  form/shaped  under  the  effect  cf  the  noouniformity 
of  the  angular  distributicq  cf  electrons.  Ic  the  most  unfavorable 
case  (heating  one  cathoce)  relative  value  cf  nec  isothermic  ity  here 
caq  reach  1-2o/o.  During  the  arrancement/pcsiticn  of  pyroaetric 
cavity  along  mean  isotherm,  this  can  lead  tc  the  error  in  the 
determination  of  the  reference  temperature,  which  reaches  0.2-0. 5o/o 
(at  temperatures  of  3000°K  and  low  thermal  conductivity  of 
s>p eciaen/sample)  . Taking  into  account  entire  this  a maximum  relative 
error  in  the  results  during  the  use  of  this  method  does  not  exceed 
the  limits  of  1.5-2o/o  »ith  the  scatter  of  pcints  0. 5o/o  <see  [5-h]). 
This  wakes  it  possible  to  consider  this  method  as  instrument  for  the 
precision  absolute  measurements  cf  the  specific  resistance. 


5-3.  Noncontact  methods  of  measuring  electrical  conductivity. 


The  examined  above  mettods  of  measuring  electrical  conductivity 
assume  the  physical  contact  of  specimeq/sample  with  the  cell/e leaents 
cf  power  and  metering  circuits.  They  are  acnnected  with  the  use  of 
direct  current;.  The  application/use  cf  alternating  current  of 
sufficiently  high  frequency  expands  the  circle  of  the  physical  laws 
which  could  be  the  basis  of  experimental  prccedcre.  So,  in 
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particular,  the  use  of  a phenomenon  of  Mattel  induction  makes  it 
possible  to  carry  out  tie  diverse  variants  cf  tie  methods,  which  do 
not  require  direct  contact  with  spccimen/saaple. 


Among  then  most  wide  acceptance  found  the  so-called  method  of 
the  rotating  magnetic  field,  instituted  on  the  measurement  of  the 
torsipnal  moment,  caused  by  power  iqteracticn  cf  external  magnetic 
fimld  with  induced  in  speci men/sample  vertex  field  currents.  For  the 
first  time  realized  in  the  version  of  relative  method  of  Braunbek 
£5-5  ]y  Grube  and  Speidel  [5-6],  it  is  test  thorcvghly  studied  by  A. 
R.  Riegel  [5-7,  5-8].  Utilizing  the  general  sclction,  given  in  hertz 
[5-9],)  A.  B.  Rigel*  will  bring  it  to  the  calculation  formulas,  valid 
at  any  frequencies,  and  will  check  experimentally  the  effect  of 
protable  deviations  from  ideal  conditions. 


Page  129. 


Ixamining  spherical  specimen/sample  with  a radius  of  R,  which  is 
looatad  in  uniform  magnetic  field  by  interns ity/strength  H,  which 
rotates  with  angular  velocity  u,  it  is  possible  to  find  taking  into 
accouat  self-induction  the  following  expression  for  the  Joule  heat  8, 
iaclatcd  by  vortex  currents: 

V = ±*R'H'Nit),  (5-9) 


w 
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where 


M V ) — -ii*  2'  + Sin  2 <)  - (ch  2/  - me  an  /r  _ 

»'  (ch  21  ~ cos  21)  > (5- 1 0) 

t = RVin»/ct.  (5-i  n 


Here:  [M]  = erg/s;  [B]  = era;  [«]  = rad,s;  [H]  = Oe;  [c]  = cm/s  - 
speed  of  light;  [w]  = ur.  CCSE. 


It  is  possible  to  show  that  tcrque/apaeQt  acting  on  sphere,  it 
is  connected  with  heat  release  in  it  by  the  relationship/ratio 


M = JFm-1. 


then,  by  knowing  fren  experiaent  6,  H,  e and  w,  it  is  possible 
to  find  t,  but  froa  it  - the  unknown  cccd  activi  ty.  Function  H(t)  is 
computed  previously.  In  work  [5-7]  for  it  is  given  the  corresponding 
Table,  Let  us  here  point  out  that  if  is  is  restricted  to  accuracy  1o£ 
than  function  N (t)  it  is  possible  to  represent  it  in  the  following 
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€{K  pressions: 


Ww  <<0,85  Nt{t)  =8,88(8)  • 10"*<‘; 

typH  /^2,5  N,V)  -(1-1) /A 

Ray:  (1).  with. 


If  self-induction  can  be  disregarded,  then  foraula  (5-9)  is 


siaplif ied : 


IV7  2x 

‘r«  = 7s 5 


lith  the  determining  tele  of  the  self-induction 


w 3 ctPR'  V~ 

W,~  4 yW' 


let  us  note  that  for  a sphere  the  pretlea  is  solved  accurately. 
This  creates  basis  for  the  absolute  aeasuxcients  of  resistivity.  The 
value  cf  torque/aoaent  can  be  determined  by  the  angle  of  twist  a of 
the  elastic  thread,  on  thich  is  suspended  the  spccinen/saaple. 
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As  is  known,  between  these  values  with  snail  ones  # there  is  the 
sirjgla  bend: 

M=K* p.  (5-17) 

where  the  factor  of  propert icnality  /(,,  called  cf  the  constant 
filaaent  of  suspension,  depends  on  a radias  of  filaaent,  its  length 
and  apdulus  of  shear  of  the  aatetial  cf  filaiect. 

If  as  the  sources  cf  nagnetic  field  ate  utilized  coils  with 
current  I (without  core),  then  is  direct  prepor tionality  between 
nagnetic  intensity  H and  current  I 

makes  it 

possible  to  conduct  experiment,  aeasuring  tie  current. 

A.  R.  Riegel  [5-8]  estimates  a possible  error  in  the  aethod 
during  the  absolute  measurements  by  the  value  cf  order  lo^o.  In 
relative  version  without  taking  into  account  cf  the  error  for 
standard,  it  is  possible  to  speak  about  the  evee  lower  value  of  order 
0.5o/<p  £5—11  ]* 

In  the  latter  case  fer  t<|1,  basic  calculated  relatiooship/rat io 
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cat)  be  used  io  the  fora 


p=J-=/c-£v‘,\ 


where  the  constant  of  instruaent  K~fa  w.  is  deterained  in 
special  experiment  with  the  standatd  aatecial  these  resistance  J>3  is 


studied  sufficiently  reliably. 


In  foraula  (5-18)  is  introduced  ipto  exaaiaation  the  voluae  of 
speciaen/saaple  V.  is  shown  in  work  [5-7],  the  use  of  an  equivalent 
voluae  of  sphere  aakes  it  pcssible  to  decrease  the  effect  of  the 
inadequacies  of  the  geoietry  of  speciien/saiple . Let  us  note  that  the 
accuracy  of  the  aeasureaents  of  a radius  Bust  te  very  high  (W,~R5) . 
The  results  of  aeasureaents  are  very  sensitive  tc  changes  in  the 
sile/dinensions  of  specinen/saiple.  In  conrecticn  with  this  during 
the  investigation  of  the  temperature  course  of  conductivity,  the 
knowledge  of  the  coefficient  of  expansion  is  ccapletely  necessary. 


Spherical  fora  is  not  always  convenient.  For  the  nuaber  of 
aaterials  and,  in  particular,  for  studying  conductivity  change  with 
the  nelting  of  speciaen/saaple  aore  convenient  is  cylindrical 
speciaen/saaple . For  an  infinitely  long  cylinder  the  solution  of  the 
problaas  of  the  torsional  acaent  cf  spcciacr/sa aple,  which  is  located 
in  the  unifern  rotating  aagnetic  field,  can  te  found  in  Fa.  I. 


I 
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Frenkel  [5-10].  The  protlee  of  final  speciaen/saaple  is  npt  finally 
studied. 

Page  131. 

In  connection  with  this  in  works  with  cylindrical  speciaen,  at 

utilised,  as  a rule,  the  relative  leasoieaei ts,  instituted  on  the 
aasuaption  that  with  the  identical  gecaetry  cf  standard  and 
investigated  speciaen/saaples  tie  effect  of  end  effects  will  be 
identical  independent  of  conductivity  [5-5,  5-6].  This  assuaption 
ccqfiraed  exper iae ntall y Fell  [5-11],  shown  that  the  corresponding 
correction  depends  only  that  of  a radius  of  speciaen/saaple.  It  is 
possible  to  assuae  that  this  will  be  valid,  while  self-induction  is 
uaessentia 1. 

The  basic  calculated  relationship/rat ic  of  aethod  in  this  case 
usually  [5-5,  5-11-5-17]  is  utilized  in  the  forv 

p=Ka (5-19) 

where  Kn—  the  constant  cf  installation,'  deterained  in  experiaents 
with  standard  speciaen/saaple;  1-  height/altitude  of 
speciaen/saaple;  R - its  radius. 
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A series  of  the  enterirg  formula  (5-19)  values  includes  the 
corrective  corrections.  Thus,  for  instance, 

¥ = (?—  “*»/*)•  <5’20) 

whore  measured  in  experiments  divergence;  *0  ~ divergence  of 

systea  with  the  removed  speciaen/sample,  caused  by  the  effect  of  the 
scattered  magnetic  field  cn  the  metallic  elements  of  register  system; 
•d^nx — correction,  which  appears  during  use  in  report  equipnent/device 
of  the  flat  dial  (in  place  cf  cylindrical)  ; Av/v»—  correction  for 

the  divergence  of  current  frequency  during  measmrea'ents  from  normal, 
that  occurred  with  calibration. 

l-lmu—Ku  (5-21) 

whore  /■»—  actual  length  of  speciaen/sample;  Kt — correction  for 

the  finiteaess  of  specimen/sample  [is  lccated  far  a given  radius  in 
experiments  with  the  specimon/saap les  cf  different  length  through 
dependence  . 

If  into  formula  (5-19)  are  introduced  tie  geometric 
characteristics,  undertaken  at  roca  temperature,  then  whole 
expression  must  be  multiplied  by  tie  ccirective  factor  of  fora 
(1*5«AT),  that  considers  the  thermal  expansion  cf  the  speciaen/sample 
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where  a - a coefficient  of  linear  expansion. 

Eage  132. 


Until  now,  we  say  nothing  about  the  teiperature  boundaries  of 
■etbod.  Frcm  the  overall  considerations  it  is  possible  to  make  the 
conclusion  that  these  boundaries  acst  be  suffibiently  wide.  It  is 
real/actual,  on  one  hand,  for  the  work  of  installation  it  is 
substantial  so  that  in  the  zone  of  speciaen/saxple  works  external 
■agnetic  field.  This  prcblex  with  any  furnace  is  coapa ra ti vely  siaply 
solved  by  appropriate  selection  of  nonaagnetic  aaterials  (copper, 
brass,  stainless  steel,  tungsten,  graphite,  etc.).  It  is  substantial 
sp  that  the  proper  aagnetic  field  cf  heater  will  be  sufficiently 
little.  This  problea  is  also  solved  siaply  (double  winding,  duct  in 
duct,  etc.).  Host  complex  problea  is  the  ther acstating  of  the  elastic 
thread  on  which  will  hang  the  speciaen/saaple.  Traditional 
reception/procedure  is  here  the  use  of  intezaediate  rigid  rod,  which 
transmits  the  torsional  mcaent  frci  furnace  into  the  shielded  zone; 
the  filament  of  suspension  is  placed  in  the  water-cooled  duct  above 
the  furnace.  The  connection  of  rod  with  the  filaaent  through  the 
plate  of  dielectric  (uica)  lakes  it  possible  tc  considerably  decrease 
the  possible  heating  of  filauent  and,  consequently,  also  the  change 
ia  its  elastic  constant.  Check  of  the  tersien  cf  filaaent  is  realized 
usually  oq  the  rotation  of  the  airror,  attached  on  transient  plate. 
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The  solution  of  the  naaed  problems,  of  course,  hinders  during 
transition  into  high-teaperatuce  range,  however,  as  it  shows 
experiaent,  it  is  attained  within  the  framework  cf  acceptable 
accuracy,  is  an  example  it  is  possible  to  iidicate  the  work  [5-15], 
in  which  are  aade  conductivity  measurements  cf  nickel  fusions  with 
carbon  to  1900°C  (in  solid  and  liguid  states),  to  works  [6-16,  5-17], 
in  wh|ch  operating  temperatures  reach  2109oK  (in  particular  measured 
the  electrical  resistance  >oJ  chromium). 
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Fig.  5-3.  Schematic  diagram  of  construction  of  installation  vith  the 
ictating  aagnetic  field. 

Face  133. 

The  scheaatic  diagram  cf  the  construction/ design  of  the 
high-teaperature  experiiental  installation,  working  according  to  the 
method  of  the  rotating  magnetic  field,  is  represented  in  Rig.  5-3. 

On  bearing  flange  1,  which  has  water  ceding,  is  installed  the 
electric  furnace  wyhose  leating  clement  U is  made  according  to 
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schematic  duct  in  the  duct  (or  it  has  double  winding  for  decreasing 
the  proper  magnetic  field).  Furnace  body  2 is  ecuipped  by  the  jacket 
cf  water  ccoling  and  is  made  from  nonmagnetic  aaterials.  Three  pairs 
cf  coils  6 are  placed  at  angle  cf  120°  in  flan/layout  and  are 
included  by  star  in  the  circuit  of  three-phase  current  (terminal 
ABC),  in  Soviet  works  [5-7,  5-8]  usually  are  utilized  the  coils 
withomt  core  in  order  tc  ensure  the  mutual  prop ertionality  of  current 
and  magnetic  field  strergth.  Ic  the  works  of  Boll  [5-11]  successfully 
is  utilized  the  usual  stator  of  the  electrical  asynchronous  engine 
with  the  pole  pieces.  As  shewn  in  this  work,  ard  in  this  case  over 
wide  limits  is  satisfied  the  condition  of  direct  proportionality 
between  the  current  strength  in  ceils  ard  magnetic  intensity.  Let  us 
ncte  that  usually  the  ceils  thermostatically  control.  Riegel  [5-8] 
for  this  purpose  places  them  into  special  cil  thermostat  with  water 
coding.  During  coil  setting  ic  his  werk,  it  is  recommended, 
furthermore,  to  separate/liberate  mechanically  this  thermostat  from 
the  hpusing  of  unit,  removing  thereby  the  transmission  of  the 
appearing  sometimes  vibrations  to  housing  and  system  of  suspension. 

In  the  upper  part  of  the  instal  lat ic n,  is  secured  thermostatically 
controlled  duct  10.  with  elastic  thread  9 whose  torsion  is  monitored 
according  to  the  divergence  of  that  reflected  from  mirror  (light  spot 
cf  illuminatiqg  system  12  cr  scale  11.  lurning  moment  from  specimen  5 
is  transferred  to  the  elastic  thread  by  rod  7,  suspend/huog  to  plate 
with  mirror.  The  system  cf  screens  3 in  fmrnace  provides  the 
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isotheraicit y of  speciaen/sample,  and  on  etd  in  lower  flange  Bakes  it 
possible  to  carry  out  tie  aeasu reaeqts  cf  its  temperature  by  optical 
tethods. 

Xn  the  works.  Bade  by  the  nethod  of  the  rotating  magnetic  field, 
attention  is  drawn  to  tie  stall  value  cf  tbe  scatter  of  experimental 
data.  This  testifies  to  the  sufficiently  high  resolution  of  nethod. 
Easic  error  store/adds  up  ir  essence  free  tte  systematic  errors, 
ccnneoted  with  the  temperature  dependence  c f ccnstant  installation 
and  the  inadequacy  of  tte  geometry  of  s pec i le n/sample. 

Xn  a series  of  the  cases  researchers  dees  not  succeed  in 
considering  these  factors  entirely.  A characteristic  example  is 
disagreement  of  the  data  of  po tent ic net ric  and  contactless 
measurements,  discovered  during  the  investigation  of  the  conductivity 
of  chromium  - silicon  system  ir  werk  [5-17],  Hith  scatter  in  both 
series  of  order  0.  5o/o,  tie  disagreement  indicated  reaches  lOo/o. 

Page  134. 

He  give  this  numeral  not  in  order  to  express  distrust  to  the  method 
in  question,  but,  in  order  emphasize  the  need  for  careful  inversion 
with  4t.  In  our  view,  are  here  laid  the  greet  possibilities,  up  to 
now  npt  exhausted  by  experimenters.  The  idea  of  the  use  of  a power 
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effect,  which  appears  during  interaction  pf  concnctor  with  the 
magnetic  field  of  the  ccntrclled/irspected  value,  that  nowe  relative 
to  each  other  can  he  realized  in  the  nest  diverse  versions  for  the 
most  varied  geometries  cf  specimen/sample*  It  is  possible  as  an 
exanple  to  indicate  the  work  [5-18]  in  which  the  calculation  of 
resistance  is  performed  cn  the  measurements  of  the  logarithmic 
decrement  of  damping  the  tcrsicral  cscillaticQS  cf  specimen/sample  in 
known  magnetic  field,  cr  in  works  [5-2C»  5-2  1],  where  as  the  basis  of 
calculation  were  placed  forces  acting  cn  specimen/sample  in 
heterogenecus  magnetic  field. 

Sufficiently  strict  theory,  tie  possibility  of  organizing  the 
afcsclmte  and  relative  measurements  very  wide  range  of  operating 
temperatures,  high  accuracy  - all  this  makes  the  examined  method  with 
the  effective  instrument  cf  the  investigation  cf  electrical 
conductivity  of  materials  both  in  solid  and  in  liquid  states. 

Considerable  number  of  works  in  the  range  cf  conductivity 
measurements  of  different  structural  materials  made  noncontact 
methods,  instituted  on  a change  in  the  impedance  of  the  splenoid, 
supplied  by  alternating  current,  during  the  introduction  into  it  of 
the  conductor  of  one  or  the  other  ferm. 
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If  «ad  L0  - respectively  active  constituent  cf  resistance  and 
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the  inductance  of  the  isclated/insulated  ceil,  then  after  the 
introduction  into  it  elcctrccanductive  speciieo/saaple  these 
parameters  Hill  change.  The  net  effective  resistance  R will  non 
stored  two  components:  R0  ard  R*,  where  a*  - ccaponent  of  resistance, 
that  corresponds  to  the  increase  of  ohnic  losses  because  of  eddy 
current  in  the  specimen/sample  (active  component  resistances  of  R we 
define  as  relation  to  the  active  power  P tc  the  square  of  effective 
current  I,  i.e.,  H=P/I2). 

Similarly  during  the  introduction  of  speci  iten/s  ample,  inductance 
L»  defined  as  relation  to  the  stored  up  reactive  energy  E to  the 
square  of  current  I,  i.e.,  E/I2,  decreases  ty  value  L*  - ohange  of 
the  inductance  as  a result  cf  the  effect  of  the  field  of  eddy 
currents. 

Page  135. 

Values  L*  and  R'  can  te  found  from  the  solutions  of  the 
equations  of  Harwell  in  the  foru  cf  the  furcticfs  of  the  circuit 
paraneters.  Thus,  for  instance,  for  a spheroid  with  a radius  of  a for 
sinusoidal  fields  the  corresponding  re laticrshi p/ratios  take  the  form 
[5-221 
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R‘  _ 6 r . th  y + tin  y I . 

»L,  y*  [ TT'ach jr  — cos  y j 1 

a L'  3 sh  y — tin  » 

7T  V ch  y — cos  y • 


(5-22) 

(5-23) 


where  j/*  = 2(iWTnva*. 

The  solution  p£  prcblem  foe  infinite  cylinder  can  be  found  in 
[5-22J. 

In  equations  (5-22)  and  (5-23)  it  is  constant  ct  - attenuation 
factor,  equal  for  sphere  A*/2a3,  where  A - radius  of  coil.  Ratio 
•*V»"  does  not  depend  cn  attenuation  factor  and  is  only  the  function 
cf  frequency  u,  of  magnetic  permeability  mv,  of  a radius  of  sphere 
and,  that  the  very'  iaportant,  electrical  conductivity  of  aaterial  a. 
If  dependence  uL'/R*  on  y*  is  known  (by  calculaticn  cr  froa 
experiments  with  standard  naterials) , then  tte  measurement  of  unknown 
conductivity  is  reduced  to  deterainaticn  and  L*.  The  corresponding 
schematics  make  it  possible  this  tc  make  sufficiently  accurately.  He 
will  net  give  their  diverse  variants;  if  accessary  with  them,  it  is 
possible  be  be  introduced  in  original  works  [ 5-22-5-24  ].  Let  us  note 
only  that  most  frequently  are  utilized  the  schematics  of  balanced 
bridge,  which  allow  by  the  selecticn  cf  calibrated  cell/eleaents  in 
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tbe  arm  of  comparison  tc  attain  balance  with  very  high  accuracy.  So, 
Zimmerman  [5-22]  speaks  about  tbe  sensitivity  cf  his  bridge  circuit, 
egual  to  0.005o/o,  which  allowed  it  to  determine  R'  and  L*  with 
accuracy  Q.  lo/o  at  frequency  of  25  Hz.  The  schematic,  used  by  Josin 
[5-23],  will  allow  it  tc  obtain  error  in  the  measurements  of 
electrical  conductivity  net  more  than  1-1.5c/o  with  o>1000  (Q»cm)— *. 
The  frequency  range  of  siailar  schematics  is  very  wide  and  oscillates 
within  limits  from  several  hertzes  to  several  ten  kilohertzes. 
Estimating  the  possibility  cf  using  siiilai  methods  for  high 
temperatures,  it  is  necessary  to  keep  in  mind  the  dependence  of 
readings  or  the  geometric  parameters  of  splencid.  So,  in  particular, 
in  the  examined  above  work  [5-22]  of  value  B(  and  L*  they  are  located 
by  subtraction  from  the  measured  values  R and  L of  the  parameters  of 
the  empty  coil  R0  and  L0. 

Page  136. 

The  preservation/retenticn/maintaining  of  these  values  during  the 
considerable  heating  of  coil  is  virtually  impossible,  the  latter  is 
unavoidable,  since  to  place  the  furnace  between  tbe  specimen/sanple 
and  the  coil,  shielding  the  latter,  nears  tc  introduce  the 
difficultly  controlled/inspected  distortions,  but  for  high 
freguencies  to  generally  exclude  the  possibility  of  measurements.  The 
■aximmm  temperatures  which  were  reached  ia  these  methods  during  the 
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signal  will  give  immediately  the  temperature  dependence  of  specific 
resistance.  Due  to  shin  eflect  in  measuremerts,  participates  the  very 
thin  layer  of  saterial.  The  range  of  the  application/uses  of  a method 
cn  specific  resistance  is  10~*-10»  fiwea.  Set  os  note  that  to 
resistance  change  to  14  orders  corresponds  a change  in  t he  signal  in 
all  t g 4 orders,  from  what  author  correctly  is  drawn  a conclusion 
about  the  inapplicability  of  nethod  for  precision  aeasurenents. 

However,  for  a series  of  technical  prcblens,  this  version  can  be  of 
considerable  interest. 

Page  137. 

the  iovestigations  of  electrical  conductivity  of  conductors  are 
characterized  at  present,  as  we  see,  by  the  aide  development  of  the 
ccqcootact  nethods  of  the  neasurements,  instituted  on  the  use  of  a 
phenoaenon  of  electronagnct ic  induction.  The  diversity  of  the 
concrete/specif ic/actual  foras  of  its  manifestation  in  combination 
with  the  development  of  means  radio  engineering  and  electrical 
measurements  creates  basis  for  development  all  cf  new  systematic 
reception/procedures.  At  present,  however,  cne  should  count  that  the 
circle  of  the  experimental  xethods,  which  cisure  the  acceptable 
accuracy  at  high  temperatures,  is  very  small  and  in  essenoe  limited 
by  the  diverse  variants  of  the  methods  cf  the  rotating  magnetic 
fie 


Being  inferior  on  accuracy  to  traditional  lethods  eifch  contact 
compensative  measurenents,  the  aethods  of  tie  rotating  magnetic  field 
significantly  expand  tfce  possibilities  of  researcher  and  sonetines 
can  be  very  effective  ores. 
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Eower  measurement  from  the  electrical  parameters  of  heater  is 
virtually  impossible  due  to  difficultly  ccfsideied  scattering  of  the 
considerable  portion  of  power  to  tie  housing  of  installation.  As  a 
rule,  in  this  schematic  is  applied  caloriaetric  equipment/device, 
working  according  to  the  method  of  continue is-f lew  caloriueter.  The 
wprkieg  aediun/propellant  of  the  latter  is  usually  water,  although 
excluded  the  applicatio c/use  of  gases. 

The  selection  of  cte  or  the  other  schematic  depends  on  the 
specific  conditions  of  investigation  (range  cf  operating 
temperatures,  the  allowed  values  of  gradients,  the  level  of  the 
conductivity  of  specinen/sa iples) . 

The  second  schematic  is  acre  cciplex,  tulkier,  lore  Connected 
with  khe  noticeably  larger  expenditures  of  electrical  power;  however, 
it  clearly  one  should  give  preference,  if  tie  ptcblea  of 
investigation  is  the  achievement  cf  maximum  temperatures.  This  one 
cap  see  well  from  Table  6-1,  which  illustrates  the  results  of  the 
calculation  of  the  basic  parameters  of  two  circuits  with  the  same  the 
temperature  of  heater  Calculation  is  carried  out  for  the 
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simplified  problem:  emissivity  factor  of  the  surfaces  of 
specimen/sample,  heater  and  coder  it  is  accepted  equal  tp  unity;  the 
clearances  between  the  specimen/saaple  and  the  heater,  the 
specimen/sample  and  the  coder  the  specimen/sample  and  cooler  are 
clcse  to  zero;  heat  transfer  between  the  surfaces  of  specimen/sample 
and  heater,  specimen/sample  and  coder  is  limited  by  radiation;  the 
temperature  of  cooler  is  low.  Geometry  of  tte  specimen/saaple: 
outside  diameter  4.0  cm,  internal  1.0  cm;  X-0.5  V/(cn*deg)  . 
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Jig.  6-1.  Schematic  diagrams  of  the  method  cf  radial  heat  flux,  a — 
internal  heater;  b — the  external  heating  cf  speciaen/sa aple ; 1 

- housing  cf  unit;  2 - set  cf  speciaeiv/saaples ; 3 - beat  sensors, 
which  aeasure  a radial  teaperature  differential  in  speciaen/sa aple ; 4 

- heater;  5 - external  coder;  6 - measuring  electrodes;  7 - current 
guides  cf  heater;  8 - ccntinuous-f low  calpriaeter;  9 - 
teaperature-sensit i ve  eleaent  cf  calcriaetcr. 


Table  6-1.  A comparative  characteristic  is  the  teaperature  of 
conditions  in  spec iaen/saap le  for  two  schematics  of  radial  heating. 
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Page  139. 

One  should,  of  couise,  bear  ic  migd,  that  within  Units  and 
that,  and  other  of  schematics  it  is  possible  tc  carry  out  a number  of 
the  str uctural/design  aeasuies,  uhich  make  it  possible  to  noticeably 
affect  basic  parameters  of  the  experiment,  tj  approaching  the 
possibilities  of  one  schematic  another.  So  fcr  example,  in  work 
according  to  schematic  a between  the  specimen/sample  and  the  walls  of 
working  chamber  can  be  introduced  the  screets,  khich  lower  radial 
heat  flow  and  which  heave  mean  temperature  cf  specimen/sample.  On  the 
other  hand,  in  schematic  t in  principle  can  te  introduced  one  or  the 
other  highly  heat- conduct ig g filling  betweer  the  speci men/sample  and 
the  heat  receiver,  which  makes  it  possible  to  increase  heat  removal 
from  the  internal  surface  cf  s peci xen/samp  lc  and  to  increase  the 
temperature  differentials. 


6-2.  (longitudinal  nonisc the rmicity  in  s pec i men/sample  and  heater. 

During  the  construction  of  installation  a serious  question  is 
the  selection  of  the  si xe/dimecsio fs  of  spccimen/sample  and  heater. 
It  is  real/actual,  the  calculated  relationship/ ratios  of  the  method 
cf  radial  heat  flux  proceed  frcm  assumption  atcut  the  absence  in  the 
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speciaen/sample  of  longitudinal  heat  flew,  j.e.,  dT/dx  = 0.  This 
condition  it  would  be  possible  to  realize  fer  the  infinitely  extended 
or  ad^abat  ically  isolate  <3/  insu  late  d from  tve  sides  of  cylindrical 
system,  evenly  loaded  by  transverse  heat  flux.  In  practice  we  deal 
with  the  abseqee  of  adiabatic  irsulaticr  aid  by  the  heater  of  finite 
leqgth.  This  poses  the  problem  of  estimating  the  virtually  acceptable 
lengths  of  the  working  section  of  s peciien/sa a p le  and  heater. 

As  an  example  of  such  estimations,  it  is  possible  to  indicate  on 
VairVan-Hinzun*s  works  [6-  1 ] and  Newman  [6-2  J.  To  the  latter,  in 
particular,  it  is  shown,  that  for  providing  the  sufficiently 
isothermal  (along  the  length)  zone  in  experimental  model  the  ratio  of 
its  ccmmon/general/total  length  to  diameter  must  be  not  less  than  4. 
la  this  case,  it  is  assumed  that  the  temperature  of  heater  is  in 
effect  constant. 

Jt  is  certain,  a similar  kind  of  recommendation  they  bear  the 
most  approximate  character.  Opcp  tie  setting  of  experiment,  a 
question  concerning  temperature  field  in  s peci me r/sa mple  must  be 
studiad  in  each  specific  case. 

Page  140. 


As  the  basis  of  the  corresponding  estimations,  can  be  placed  one 
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cf  the  two  solutions,  giveq  aby  Karslou  fi-3]  fct  it  is  gently  a 
cylinder  with  a radius  cf  a<r<t  anc  by  length  0<z<1.  If  on  the 
internal  surface  r=a  of  this  cylinder  maintains  temperature  f(z), 
other  surfaces  lose  heat  by  heat  exchange  tith  the  sodium  of  zero 
teapecature,  then  the  teaperature  distribution  in  cylinder  is 
described  by  the  expressicq 


n — I 


(a,  cos  n.z  + h sina.z)  y (r,  n) 
l(»i  + A>)/  + 2A)T(fl.n). 

-|-hsin  i„z)dz. 


i 

\f  (*)(*n  cos  a*z  + 

0 


(6-1) 


ufcere  a»  — i positive  the  roots  of  the  equation 

tga/  = 2aA/(a’  - h»);  (6-2) 

f (ri  ft)  — I % (ran)  lan^  i (ha*)  — hh , (han)j  -|- 

+ K . («.)  M , (han)  hi , (ha*)].  (6-3) 

Parameter  h exists  a ratio  of  heat-tr acsf e r coefficient  on 
surface  to  the  coefficient  cf  the  theraal  conductivity  of 
speciaen/saaple.  I0,  K„,  I4  and  K4  — Bessel  furction  from 
apparant/iaaginary  arguient. 


and 


If  oq  the  intornal  surface  r=a  is  assigned  the  heat  flux 


A 
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entering  inside  solid  body,  f{ z)  , and  at  pttcr  surfaces  i£  maintained 
zero  temperature,  then  solution  is  represented  ty  the  expression  of 
the  ffra 


(6-4) 


where 

F*  (*.'  y)  = /.  (X)  Kt  (y)  - K.  (x)  /,  (</);  (6-5) 

F1  (x\  y)  = l,(.x)  Kt  (*/)  + K,  (x)  It  (y),  (6-6) 

where  X - a coefficient  of  thermal  conductivity. 

Page  141. 

It  must  be  noted  ttat  the  secegd  sclnticq  to  preferably  utilize 
during  the  estimations  cf  tie  temperatures  in  specimens  of  substances 
with  the  lew  coefficient  of  thermal  conductivity,  such,  as  oxides, 
porous  materials,  etc.  Curing  the  emissioo/radiation  of  temperature 
field  in  the  metallic  specimen/samples,  which  possess  the  high 
coefficient  of  thermal  conductivity,  the  first  problem  can  give  more 
reliable  results. 


< 


DOC  - 78133106  PAGE  *4-2 


1 


Bor  purpose  of  the  decrease  of  the  role  of  the  two-dimensional 
character  cf  temperature  field  working  spec iaen/saaples  usually  are 
manufactured  in  the  fora  cf  the  set  of  separate  washers.  This 
especially  favorably  aacifasts  itself  during  tie  investigation  of 
aetals.  The  increased  theraal  resistance  if  the  zene  of  contact  of 
surfaces  decreases  longitudinal  heat  fluxes.  On  the  end/leads  of  the 
set,  frequently  are  estaklish/installed  supplementary  washers  from 
porous  ceramics  and  other  materials  with  the  lew  coefficient  of 
theraal  conductivity.  Finally,  strictly  the  zcce  of  the  measurements 
o,f  a Jump/drop  in  the  temperatures  in  s pec i aen/sample  and  of  the 
corresponding  heat  flux  occupies  only  saall  along  the  length  section 
ijt  the  center  of  entire  set  (tc  several  ter  ail  limeters)  . 

Vital  importance  has  a character  cf  teiperature  field  along 
heater,  especially  for  scheaatic  a,  where  the  calculation  of  heat 
flux  is  conducted  on  the  basis  of  the  leasureaents  of  electrical 
powers  isolated  on  the  section  of  final  extent. 

The  lower  the  coefficient  of  tfce  theraal  conductivity  of  the 
■aterial  being  investigated,  the  is  insulated  the  lateral  surface  of 
heater,  the  more  powerful  is  exhibited  the  effect  of  longitudinal 
heat  fluxes  (along  heater).  In  this  case  are  necessary  the 
experimental  emission/raciatiou  of  the  gradient  cf  the  temperature  in 
the  zgne  of  potential  derivations  and  the  introduction  of  the 


, > 

jj 

» 

jj 

J 

) 

> 

1 


-4 


COC  =?  78133106 


PAGE  ■4-3"' 


corresponding  correction  to  the  measured  power. 

I 

6-3.  Scae  design  features  of  high-temperature  i retaliations  with 
radial  heat  flux. 

Current  inputs.  Successful  realization  cf  the  aethod  of  radial 
heat  flux  is  connected  to  a considerable  extent  with  the  rational 
engineering  solution  of  nuater  of  specific  problems.  Their  appearance 
is  caased  by  the  fact  ttat  conducting  teas t ieae cts  in  the 
spcciaen/saeples  of  acceptable  geoaetry  in  high-teaperatuce  range  is 
possible  only  with  the  aid  of  the  beating  detests,  loaded  by  the 
currents  of  the  significant  magnitude. 

Eage  142. 

In  the  case  of  rod  beaters  as  in  schematic  a,  operating  currents 
they  reach  hundred  and  thousand  aaperes;  in  wcrk  according  to 
scheaatic  b,  they  increase  still  acre,  free  the  correct  selection  of 
construct/designing  the  electric  lead-in  urder  these  conditions, 
depend  the  stability  and  the  reliability  of  the  operation  of 
installation.  One  should  consider  that  the  ceding  system  of  current 
guides  must  accept  to  itself  tc  20-3Co/c  of  overall  power,  liberated 
as  hedter,  and  ensure  under  these  conditions  compensation  the  thermal 
expansion  of  heater  and  the  preset  vatic  n/t«  ten  t icij/aai ntaining  of  its 


orientation  with  respect  to  specisen/sasplc . 


The  thersal  design  cf  contacts  is  connected  directly  with  the 
estiaite  of  the  aagnitude  cf  tte  actually  ccatacting  part  of  the 
surface.  It  depends  on  the  physical  properties  cf  aaterials, 
character  of  their  mechanical  tceataent  and  aechanical  effort/forces 
in  the  contact  2one.  In  the  case  of  elastic  ccrtact  (usually 
occurring  with  repeated  ones  leading)  in  aerk  [6-6]  is  recoaeended 
the  fallowing  rela tionship/ratic  fer  determining  the  relation  to 
actual  contact  area  to  ccntcur: 


■ ? 

/ b \*+i  / r \UTT 1 2.35 < 

’-(tJ  (s^:)  [— 


1 — 0. 


Here:  contour  pressure  r - radius  cf  beading  of  the 

apex/ verte xes  of  pro jecticqs,  changing  frox  J0-40  pa  with  widening  to 
3Q0-500  pa  with  polishing;  the  aaxiaui  altitude  of 

iaegualities;  E - Young's  acdulua;  p - Foisson  ratio;  bt  v- 
constants,  which  characterize  reference  lies. 

Kith  pclishing  v“3;  b*t-fi;  with  pci ishing  v-3;  b*5-10. 

Coefficient  k depends  oa  v agd  is  equal  to  with  respect  0.8; 
C.67;  0.62;  0.58;  0.55  with  v-2;  3.  3.  5.  *. 
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F crania  (6-7)  is  derived  for  the  contact  cf  rough  and  saooth 
surfaces  if  both  of  surfaces  they  are  rough  ones,  then  into  foraula 
(6-7)  are  substituted  tic  effective  values  cf  ccqstants,  determined 
ty  the  relationship/ratios 


v-vi+v*,- 


0-/(v«.  v»); 
i n 


*haatC*jlMC 

' r,+rt' 


particular # abeq  v,-2  and  ka»<3- 16 1 when  v,-3  and  v*“2 


k j=0«  1 ; aith  v.-v*-3  kt»0.Q5. 


1 "**•*-  j i--!*! 


Bor  the  case  of  the  veil  run  in  surfaces  fceth  aovable 
(sliding)  and  fixed  contacts  in  uork  [6-6]  is  recoaaended  the 


siaplified  foraula 


('Ts&^y 
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the  estimation  of  actual  ccntact  area  lakes  it  possible  to 
calculate  the  value  of  the  increase  of  the  teaperature  AT  in  contact 
arca/*ites,  caused  by  the  passing  through  the*  current.  The  limiting 
value  AT,  which  occurs  for  contact  of  two  seai-kouhded  arrays,  is 
calculated  froa  Hola's  knewn  relaticnship/ratic  (see  Chapter  3) 

l <-'1 

TT*  (6'9) 


where  u,  - a volt  ace  drop  act  css  ccntacts. 


In  the  case  of  the  coqtact  of  two  plates  kith  a thickness  of  d, 
actively  ceded  outside  by  tater,  temperature  cn  the  contact  pad  in 
[6-7]  are  higher  than  the  temperature  cf  ccclicg  water  by  value 


i r.  2 « 


where  a - a radius  of  ccntact  area/site. 


Belaticnship/ratios  (6-7),  (6-6)  and  (t-IC)  it  lakes  it  possible 
tc  introduce  into  the  theraal  design  of  electrical  conductors  of 


r 
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refineaent,  connected  mith  the  disruptive  character  cf  the  areas  of 
contact  in  real  construction/desigrs. 

Ixaaples  of  the  structmral  foisulatipc  cf  current  inputs  are 
given  in  Fig.  6-2  and  6-3.  the  first  is  the  version  cf  the  rigid 
fastening  cf  rod  heater,  used  v.  A.  Zeygarnik  in  work  [6-32].  The 
contact*  of  heater  with  the  copper  housing  cf  current  input  is 
realised  through  the  intermediate  i nser t/brshing,  aade  from  graphite 
(soaetiaes  frea  copper).  Freliainarily  urged  over  the  conical  surface 
cf  landing  seat/socket  insert  then  is  cut. 

With  the  tightening  cf  pressure  nut,  tie  cell/elements  of 
insert/bushing  are  aoved  relative  to  the  ccrical  surface  ?f 
seat/sccket,  providing  the  necessary  effort/force  on  contact 
surfaces.  The  conicity  cf  landing  seat/sodket  usually  ranges  fron  1:7 
to  1:10;  the  surface  of  seat/sccket  is  processed  to  9-10^  classes 
cf  purity.  The  housing  cf  current  input  is  ceded  by  the  running 
vater»i  passing  here  on  tke  ring  greeve  uith  internal  ribbing. 

The  construct ion/des i c t,  shear  cn  fig.  6-2,  does  not  contain  the 
e-leaents  of  the  systea  cf  the  compensation  the  theraal  expansion  of 
heater.  In  the  siaplest  cases  (at  the  moderate  temperatures)  the 
prcfclem  cf  coapensation  is  fregueotly  sclvec  by  the  less  dense 
attachaent  of  upper  secticnal  insert/bushing  (here,  as  a rule. 
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graphite),  which  provides  the 
relative  to  current  input. 


possi toil ity 


ci  the  slippage  of  heater 


l'1 


Tig . 6-2.  Rigid  fastenieg  of  red  heater  [ i-3 2 ].  1 - beater;  2 - clasp 
not;  3 - housing  of  curzent  input;  4 - sectional  insert/ bushing;  5 - 
flange  of  current  input. 


I 

j i 
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luring  the  use  of  a heater  in  the  ranee  of  liaiting 
temperatures,  is  applied  the  flexible  coupling  cf  the  contact 
refrigerated  electrode  with  the  housing  of  unit.  Bellows  or  special 
spring  is  selected  so  that  the  preliminarily  expanded  healer  on  the 
achieveaent  of  aaxiaua  teaperatures  would  prove  to  be  unloaded  froa 
any  longitudinal  forces.  In  spite  cf  the  feet  that  the  absolute 
elongation  of  heater  can  he  desigeed  previcrsly,  the  calculation  of 
an  entire  systea  of  condensation  is  extreaely  icexact.  tinder  these 
conditions  the  necessary  preliiinary  strain  cf  elastic  cell/element 
is  selected  experiaentally. 

Is  the  exaaple  of  the  practical  applicaticn  of  this  method  of 
the  compensation  to  Fig.  6-3  it  is  given  designs  of  movable  current 
input  cf  the  installaticn  of  N.  V.  Eoykc  and  E.  E.  Shpil'rayn  [6-8]. 
Is  elastic  cell/elenent  is  here  used  the  spring,  compressed  between 
the  plate  and  the  supperti ng/refer ence  flatten,  connected  with  the 
housing  of  unit.  A deficiency/lack  in  the  ccnstruction/design  is  the 
impossibility  of  effect  cn  clastic  cell/eleient  witheut  tie 
decompression  of  installaticn  acd  discccnect  ic  n cf  all 
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current-conducting  tusfcars. 

6-4.  structural/design  measures,  which  ensue  the  neasurenent  of  heat 
flux. 


the  serious  potential  advantage  of  schematic  a (see  Fig.  6-1)  is 
the  possibility  of  the  electrical  ueasurenert  of  the  power, 
introduced  into  the  working  zone  cf  specine r/sa mple.  During  the 
sufficiently  high  stability  of  the  power  supply  and  the  use  of 
potentiometer  methods  of  measuring  the  strecgth  cf  current  and 
voltage  drop  across  working  section,  at)  erect  cf  measurement  of  power 
can  be  limited  to  value  1-2c/o.  In  this  case,  measurements  themselves 
are  maximally  simple  and  reliable.  However,  utilizing  then,  always 
cae  should  bear  in  mind  those  distcrticcs  it  the 

three-dinensional/space  heat-flow  distribution  and  temperatures  which 
are  connected  with  the  crgacization  of  potential  derivations  from 


beater 


Fig.  6-3.  Movable  cucrert  input  with  the  spring  compensation  thermal 
expansion  [6-8].  1 - heater;  2 - insert/ tush ing ; 3 - housing  of 
correct  input;  4 - pressure/cla npi ng  nut;  5 - supporting/reference 
platform;  6 - thrust/rod;  7 - spring;  8 - plate;  9 - vacuum  hose  of 
ceding  system;  10  - branch  pipe. 

Page  145. 

Are  applied  at  present  in  essence  three  schematics  of  the  potential 
derivations:  external  radial  probe,  external  lcngitudinal  (axial) 
probe  and  internal  longitudinal  prefce. 

In  the  first  schematic  potential  ted  ci  lead/duct  is 
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derive/concluded  along  the  normal  to  the  heater  through  radial  boring 
in  specinen/saaple . The  size/diaensiens  of  the  latter  are 
sufficiently  great  in  order  to  place  insule ticc/isolat ion  of 
derivation  and  (especially  in  the  case  cf  red  rigid  version) 
especially  in  the  case  cf  red  rigid  versio;)  tc  ensure  the 
lcngitudinal  travel  of  peebe  during  the  theraal  deformations  of 
heater  and  speciaen/saaple.  With  tie  sufficiently  large  thickness  of 
beater  (D>4-5  am)  are  applied  the  pressing  icd  probes  from  refractory 
aetals  or  graphite,  introduced  intc  small  ccnical  or  cylindrical 
deepening  in  heater.  One  of  the  versiens  of  this  schematic  was 
realised  in  work  [6-8];  the  potential  prete,  made  froa  graphite 
red  2*5-3  aa  in  diameter,  it  is  pressed  against  the  upper  surface  of 
deepening  in  heater.  The  latter  is  graphite  rod  10  aa  in  diameter. 
Compression  is  realized  because  of  the  tor c te/ac aent,  created  by 
special  saall  weight  at  the  end/lead  of  the  ptebe. 

A deficiency/lack  in  this  constructioc/design  are  bending 
stresses  for  rod,  and  hence  the  need  fer  an  increase  in  its  diaaeter 
in  comparison  with  the  tecsicn  in  which  tie  red  is  leaded  by 
longitudinal  forces.  An  increase  cf  the  diaieter  in  turn,  is 
coqnected  with  the  aaplif icaticn  of  the  disturbance/perturbations  of 
temperature  field  in  speciaen/saaple  and  heater.  Tendency  to  reduce 
to  a ainiaua  these  factors  leads  tc  the  wire  version  of  radial 
scheaAtic.  In  this  case  fine/tbin  (0.1-0.15  ■■)  wire  from  refractory 
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netcl  is  secured  (soietiies  by  the  weld  of  end/lead  by  the  arc  in 
argon*:  sometimes  by  the  pressing  cf  end/lead  irtc  eyelet,  soaetiaes 
simply  cables  itself  in  the  zone  of  stall  transverse  notch)  to 
heater,  it  goes  around  it  ir  circumference  and  with  saall  elongation 
is  deci ve/concluded  through  the  irsulatcr  outside. 

The  a ppl icati on/use  of  a schematic  of  external  longitudinal 
prcbe  is  explained  by  the  tendency  to  excluae  the  technological 
complication  of  speciae c/sa iple  and  the  d is tt r b aace/brea kd own  of  its 
correct  geometry.  Here  the  potential  lead/duct,  attached  at  one  or 
tha  other  point  of  heater,  is  insulated  by  ccraaic  covering  and  is 
derive/concluded  outside  in  space  between  tie  heater  and  the 
speciaen/saaple . 

A similar  schematic  used  by  Mikcl*  and  is  in  detail  described  in 
[6-39  |. 

Page  146. 

In  cur  view,  in  the  range  of  very  high  temperatures  its 
application/use  inexped  iect  ly,  since  this  is  ccrnected  with  a 
noticeable  increase  in  the  clearance  between  the  heater  and  the 
speciaen/saaple,  but  thereby  with  a reducticr  in  the  maximum 
temperature  of  speciaen/saaple.  Furthermore,  it  is  necessary  to  keep 
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in  Bind  the  distur bance/fcre akdown  cf  tie  axial  symmetry  of  problea  in 
the  zgne  of  the  passage  of  potential  deriveticn.  With  a saall  extent 
cf  working  section,  this  can  directly  pronounce  cn  the  fora  of 
internal  isctheraal  surfaces. 

Vith  the  ainiaua  perturbation  action  is  ccnnected  third 
schematic,  used,  in  particular,  D.  L.  liarct  and  S.  A. 

Sezdobcl 'skaya.  In  this  case  the  heater  is  Bade  in  the  fern  of  the 
hollow  duct,  which  has  in  tie  zone  of  working  section  the  reduced 
diaaeter  of  internal  boring.  In  this  pxcjecticn  rest  the  graphite 
shaped  bushings  into  which  are  inserted  the  graphite  rods,  which  are 
potential  conclusions.  Ccaacn/general/tctal  length  of  heater 
(graphite)  of  310  mm,  outside  diameter  16  ■■,  internal  boring  on 
working  section  8 mm,  in  tie  zene  cf  derivations  8.5  ai.  Diameter  of 
petential  rods  6 mm. 

A deficiency/lack  in  this  construction/design  is  the  complexity 
of  check  of  possible  change  in  an  experiment  in  the  length  of  the 
section,  on  which  is  measured  the  vcltage  drop.  Furthermore,  in  the 
zoqe  <?f  maximally  higli  temperatures  the  results  cf  measurements  can 
be  distorted  by  the  phenomenon  of  the  thermionic  emission,  calling 
th«  distur tance/br eakdown  of  the  insulating  preperties  of  the 
clearance  between  the  heater  and  tie  internal  electrcde. 


i 
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Thus,  the  electrical  measurement  ot  tic  introduced  into 
s(«ciien/.sdi(.le  power  in  practice  is  always  connected  with 
introduction  into  the  iceal  schematic  c f dittereat. 
disturtance/perturbaticns , which  distort  distrilution  of 
te aperatur es,  heat  fluxes,  the  productivity  cf  thermal  soirees  in 
working  zone.  Appear  the  settees  of  the  systematic  errors  whose 
estimations  are  sometimes  virtually  impossible. 

The  definite  advantages  ia  this  setae  it  has  use  of  special 
calcrimetric  systems.  In  this  case,  the  calorimeter  performs  the  role 
of  thermal  flow  and  measures  tie  flew,  which  left  one  or  the  other 
za>ne  of  specimen/sample.  As  a rule,  calorimetric  measurement  it  is 
applidd  in  work  according  tc  schematic  diagiam  b.  However,  some 
researchers  prefer  this  method  cf  measuremert  ct  power,  also,  in 
installations  according  to  schematic  diagrai  a. 

Fage  147. 

So,  the  authors  of  [fc-9],  investigation  the  thermal  conductivity 
cf  oxides  (zirconium,  magnesium,  aluminum!  , will  fulfill  the  external 
wall  of  the  housing  of  unit  as  calcrimetric  eguipment/de vice. 


operating  according  to  the  schematic  of  flowing  vat  -r  calorimeter.  In 
this  case,  gauging  consumption  cf  water  with  error  tO. 2So/o  and  the 
value  cf  preheating  with  error  about  Ic/o,  they  will  obtain  error  in 
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the  measurement  of  the  heat  flux  of  order  ±1.5c/o.  This  is  fair 
result. 

In  their  classical  performance  in  coocccticn  with  schematic  b 
the  calcriaeters  are  made  usually  in  the  foil  of  the  tube* 
arran$e/located  along  the  axis  cf  s peci len/samp le.  Inside  tube  is 
introduced  the  body  of  differential  teaperature-sensit ive  element  - 
the  Baltic leavage  differential  thermocouple*  attached  on  rod  from 
thermally  low-conducting  material  (glass*,  ctganic  glass*  etc.)  . The 
Mocking  medium/ pro pellant  of  calorimeter  fer  the  mast  part  is  water 
£6-10-6-12];  however,  can  be  used  ether  heat-transfer  agents.  V.  S. 
Chirkin  [6-13]  describes  the  instruments  where  as  the  working 
aediua/propellant  of  calorimeter  was  applied  helium  cr  nitrogen,  and 
preheating  gas  on  working  secticn  las  measured  with  the  aid  of 
platinum-platinum- rhodium  thermocouples. 

das  heat-transfer  agent  makes  it  pcssitle  to  work  at  the  higher 
temperatures  of  calorimeter,  which  in  turn,  leads  to  the  increase  of 
aean  temperature  of  spec ime r/saaplc  at  the  sane  temperature  of 
heater.  However  for  schematic  t this  it  is  not  decisive.  The 
temperature  differentials  here  and  are  so  siall. 

The  development  of  water  caloriaeter  fer  installations  with 
radial  heat  flux  reguires  the  careful  calculation  of  all  sides  of 
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beat  exchange  in  system.  The  iipcrtance  this  is  clear,  if  one 
considers  that  the  heat  fluxes,  received  by  calcriaeter,  can  reach 
10*  kcal/(a2»h).  Uhe  removal  of  such  flees  under  conditions  of  the 
iaadaissib ility  of  effervescence  (hut  the  acre  the 
fpraation/education  of  steal  films)  on  working  section  is  feasible 
only  at  the  considerable  rates  cf  the  metier,  of  water,  at  the  same 
time  an  increase  of  the  ccnsumpticr  is  limited  ty  the  requirement  of 
obtaining  such  juap/drops  in  the  texperatares  along  the  length  of  the 
working  section  of  calorimeter,  which  can  he  reliably  measured.  As  a 
result  the  calculated  clearances  between  the  wall  of  calorinetric 
tube  and  the  internal  red  of  sensor  become  sufficiently  small.  In 
this  case,  sharply  becomes  complicated  the  problem  of  the  measurement 
ty  the  regulus  of  the  thermocouple  cf  the  average  (over  section) 
temperature  of  flow  (temperature  of  mixing). 

Fa  ge  148. 

Readings  of  tenperature-seijsiti ve  element  begin  to  depend  on  the 
random  strains  of  tube,  vibrations,  etc.  Calculation  of  heat  flux 
according  to  the  measured  values  cl  consumption,  difference  in  the 
temperatures  and  heat  capacity  does  not  give  the  true  value  of  the 
introduced  into  tube  power. 


Known  output  from  this  prcblem  is  the  calibration  of 


calorimetric  equipment/ dev  ice  at  tie  fixed  values  of  the  consumption 
cf  water.  In  this  case,  heat  flux  is  created  by  the  transmission  of 
current  on  the  external  tube  of  calorimeter.  It  is  assumed  that  the 
temperature  fields  in  flew  and  the  reactipc  cn  them  cf 
temperature-sensitive  element  will  be  identical  with  one  and  the  same 
tlcws  under  the  conditicns  cf  the  experiment  and  calibration.  As  a 
rule,  calibrated  completely  equif mept/device  is  not  dismantled,  but 
whclly  (by  separate  block/scdule/ur it)  it  is  introduced  into  the 
working  zone  of  in stallatic n.  As  an  example  it  is  possible  to 
indicate  the  design  features  of  the  installation  of  Razor  and 
Rac-Clelland  [6-12],  used  extensively  the  sethed  of  radial  heating  in 
version  b.  The  range  of  operating  temperatures  cf  specimen/sample 
during  their  measurements  comprises  10C0-27CCoC.  The  external  and 
inner  diameters  of  specimen/samples  comprise  with  respect  to  50.8  and 
12.7  mm.  The  length  of  working  set  is  equal  to  76.2  mm. 


) 

) 

> 

I 
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Calorimetric  tube  was  Bade  made  of  the  stainless  steel  and  it 
has  outside  diameter  9.6  ■■  and  thickness  cf  walls  0.25  mm.  By  the 
housing  of  tempera t ure-sensiti ve  element  is  glass  small  tube  6 mm  in 
diameter  with  the  walls  with  a thickness  of  1 m.  To  the  surface  of 
this  tube  with  special  cement,  adhere  the  lead/ducts  of  differential 
ccpper-coqstantan  thermocouple  with  the  distance  between  joints  25 

Entire/all  surface  of  glass  tube  was  covered  with  tbe  rough  sand, 
performing  the  role  of  vortex  generator.  Input  and  output  of  water 


— — . 

* 
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were  made  on  the  one  hand  of  calor imeter ;>  thus,  water  heaves  on 
radial  clearance  and  is  derive/concluded  within  glass  tube.  According 
to  the  estimations  of  the  authors,  any  kind  the  overflows  of  heat 
both  along  the  duct  and  through  the  glass  wall  could  be  disregarded. 

Page  149. 

6-5.  Seme  observations  about  the  conditions  of  temperature 
■easuiements  in  radial  netted. 

For  the  calculation  of  the  coefficient  of  thermal  conductivity 
[see  formula  (1-98)]  it  is  necessary  to  measure  the  temperatures  in 
two  points,  arrange/located  on  different  distances  from  the  axis  of 
speciuen/sauple.  For  this  purpose,  in  s peciien/sample  usually  are 
drilled  special  cavities.  During  the  measurements  by  thermocouples 
thmse  cavities,  as  a rule,  were  parallel  tc  the  axis  of 
speciaen/saaple.  Thus,  in  the  ideal  case  t herac-electrode  lead/ducts 
for  sufficiently  large  extent/elongaticn  gc  along  isothermal  surface, 
which  removes  the  distortion  of  their  readings  because  of  heat 
withdrawal  frem  regulus. 

During  the  use  of  optical  pyrenetry,  sometimes  are  applied  the 
radial  channels,  in  the  ideal  case  which  make  it  possible  to  measure 

I 


r 


I 


ICC  » 78133107  PIGE  'T2-'  j 

^°T 

the  temperature  of  the  bottom  cf  this  cavity.  Speaking  here  about  the 
ideal  cases,  we  are  distracted  OG1  of  a nuiter  cf  factors,  which 
contribute  of  the  error  in  aeasure lents. 

Syrometric  channel  has  finite  dimensions.  The  consequence  this 
are,  in  the  first  place,  tie  distortion  of  temperature  distribution 
arcund  it  and,  in  the  second  place,  the  appearance  of  a 
ncnisothereicity  along  the  surface  cf  this  chancel.  Thus,  arises  the 
questicn  ccncerning  that  uhich  will  aeasure  our  senscr  (or  pyrometer) 
in  this  channel  and  as  aeascred  value  is  ccrrelated  with  the 
teapecature,  characteristic  for  this  cccrdirate  in  the  absence  of 
distunhance/perturbatic ps.  In  the  case  cf  redial  channel  to  the 
foreground,  is  advanced  the  prcblea  of  the  effect  of  the  Longitudinal 
ncnisqtheraicit y of  cavity  cn  the  effective  evissivity  of  its  bottom. 
Easic  questions  of  pyroaetry  ir  no ciscther ial  cavities  are  already 
exaaioed  in  Chapter  2.  here  has  sense  to  ncte  ccly  seme 
torqua/aoments  of  the  first  prcblea  - the  distortion  of  temperature 
field  in  the  range  of  pyrccetric  channel.' 


Per  linear  heat  flux  (in  the  undisturbed  zene)  this  question  is 
most  thoroughly  examined  by  V.  N.  Pcpov  [h-15}.  In  accordance  with 
his  derivations  the  value  of  the  distortion  of  the  temperature  field, 
caused  by  the  presence  of  tie  cylindrical  inclusion,  oriented  normal 
tc  the  direction  of  heat  flux,  noticeably  decreases  during  removing 
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Page  150. 

Axe  here  used  the  fcllcving  designat ic ns : t - current 
temperature;  t0  - teaperature  on  the  surface  of  the  semi-bounded 
array;  q0  - heat  flu*  in  the  direction  cf  axis  y at  infinite  removing 
from  range  I;  a - radius  of  range  1,  xtl  and  Xt  - coefficients  of  the 

thermal  conductivity  of  ranges  II  and  I; 

\ ... 

»■.  = (*  + (6-i3) 

a.X//Xj/. 

la*9«  * (>5-«)  with  an  accuracy  to  1-2o/c,  eguation  (6-12)  is  led  to 
the  simplex  fora: 

8 1 N 

'•-2*^1+./  (6-14) 


Value  of  dist urbance/perturbaticr*  calculated  in  [6-15] 
according  to  eguation  (6.12),  represented  ic  fig.  6-5.  Utilizing 
these  data,  it  is  possible  to  estimate  the  error  during  tie 
measurements  of  temperatures  by  tteraoccup Jes. 

Jn  the  case  qf  applying  the  pyrcaetric  methcds  to  more 
expediently  examine  not  disturtance/perturtaticn  in  center,  but  field 
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distribution  of  the  disturkance/perturk atic is 
the  dact/contour  of  charnel,  i.e.,  with  c-t, 
described  by  the  following  expression: 


cf  the  teaperatures  on 
(R*1).  The  latter  is 


A.X 

a«l 

XI'f-fH™*.  (6-15) 


where 


Am- 


l 


(6-16) 

(6-17) 


In  this  case,  for  the  aajerity  cf  structural  aaterials  in 
teaperature  range  to  2, COO-2, 500°K  in  expressicc  (6.16)  it  is 
possible  to  assuie  a=0 . Per  aaterials  with  very  low  theraal 
conductivity  and  high  eiissivity  factor  in  kigh-teaperatuse  range  for 
shaping  of  teaperature  field  on  caral  surface,  will  noticeably  affect 
tha  heat  exchange  by  ei  issicn/radiaticf.  Ir  this  case  the  given  laws 
ca*r  prove  to  be  already  ineffective. 

are  interesting  absolute  aagnitudes  of  error,  introduced  by 
channel,  during  the  aeasureaents  cf  theraal  cc  cd ucti  vi  ty. 
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Pig.  6-5.  Distortion  of  temperature  field  at  the  central  point  of 
circular  range  on  [6-15], 

Eage  151. 

Such  estimations,  in  particular,  mere  conducted  fcy  V.  A.  fleygranik, 
uba  used  the  basic  results  cf  aerie  [6-15]  tc  the  analysis  of  radial 


prcblea. 
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The  outside  diameter  cl  s pec i len/saap  le  is  equal  to  65  an, 
internal  lb  the  diaietei  of  the  pyrcaetric  channels,  drilled  in 

parallel  tc  the  axis  of  specimen/sample  at  distances  from  it  10  and 
27.5  it  is  equal  to  2.5  an. 

Mith  calculation  the  theraal  conductivity  cf  speciaen/saaple  was 
accepted  equal  to  40  W/(m*deg),  and  <r=  X r/X  t ,-0.  1.  During  a change  in 
the  heat  flux  (directed  cuteide)  frcu  3C0  tc  2^600  W/n  the  value  of 
diatuefcance/perturbaticr  for  extertal  acd  icterfal  pyroaetric 
channels  coaprises  with  respect  tc  0.0C5-0.5  acd  0.  09-0. ?5°.  The 
teaperature  differential  cn  the  appxopciafac  radii  changes  in  this 
case  within  limits  from  3 tc  50° C.  Thus,  the  distortion  of  field, 
caused  by  the  arra ngenent/pcsit ic n of  temperature-sensitive  element 
in  pyxcmetric  channel  (with  the  relative  therial  conductivity  of  the 
sufcstance  cf  temperat ure-sersit ive  elexegt  a=Q.l),  in  this  case 
conducts  tc  the  error  in  the  measurements  cf  thermal  conductivity 
frcm  3o/o  at  low  temperatures  tc  1.5o/c  with  hich  ones. 

Calculations  show  that  for  decreasing  the  error  the  most  vital 
importance  has  reaoval/cist ance  frcm  the  axis  cf  internal  duct;  it  is 
expedient  to  have  *>4. 


DOC  * 78133107 


F *G  £ +8' 


3/o 

£-  6 . Bxamples  of  the  use  of  a method  of  racial  heat  flux. 

For  the  illustration  of  the  possibilities  of  the  examined  method 
cf  Measuring  the  coefficient  of  thermal  conductivity  in  Table  6-2,  is 
represented  the  grcup  cf  the  typical  works,  which  cover  the  very  wide 
circle  of  Materials  and  temperature  range. 

Mith  acceptable  for  practical  needs  accuracy  the  aethod  nakes  it 
possible  tc  obtain  information  about  the  conductivity  virtually  of 
aay  structural  materials,  used  in  ccntempprary  high- te nperature 
technology  from  special  compositions  og  oxide  or  carton-graphite 
basis  to  dense  metals  and  tteir  alloys. 

The  lswer  level  of  temperatures  noticeably  depends  on 
conductivity;  it  is  characteristic  that  fpr  aetals  it  lie/rests  at 
area  of  1200°K,  for  oxides  cf  3C0-6CC°K.  Upper  temperatures  are 
limited  by  the  stability  region  of  the  work  cf  heater  and  they  reach 

2, aoo«K. 

The  majority  of  the  works,  presented  in  table,  is  made  according 
tc  schematic  a.  This  is  net  random,  the  complexity  of  the  realization 
of  schematic  b in  the  majority  cf  the  casern  whec  is  not  placed  the 
problem  of  achieving  the  maximum  temperatures,  forces  to  give 
preference  to  schematic  with  interral  heating. 

I 
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Is  characteristic  the  scatter  of  of  these  indicated  by  authors 
cf  errors.  Minimum  value  *5o/o  reflects  in  essence  random  measuring 
error/  The  account  of  systeiatic  ones  errors  leads  to  the  more 
reliable  values,  which  lie  at  range  6-15o/c. 


Fmge  152. 


6-7.  Use  of  two-dimensional  problems  for  measuring  the  coefficient  of 
thermal  conductivity. 


The  use  of  electronic  computers  makes  it  possible  at  present 
considerably  expand  the  circle  cf  the  problcss  which  could  be  placed 
as  the  basis  of  the  experimental  determination  cf  coefficient  of  heat 
conductivity.  In  large  measure  experimenters ' tendency  toward 
cne-dimensional  heat  fluxes  is  explained  by  tie  natural  wish  to 
exclu4«  large  volume  of  calculated  works,  appearing  during  analysis 
tkM-  amd  three-dimensional  temperattre  fields. 
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Table  6-2.  "ffealization  of  the  method  of  radial  heat  flux  in 
the  measurements  of  the  coefficient  of  thermal  conductivity. 
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Key:  (1).  Works-  (2)-  Version  of  schematic  cf  method- 
investigated  materials  and  temperature  ranee,  °R.  (h). 
(according  to  estimation  of  authors).  (5)..  J.6-9],  (6). 


(3). 

Err  or 
Oxide  of 
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uqnesius,  oxide  of  aluiinma,  oxide  of  zirconium  (to  2,000).  (7). 
Molybdenum  - tantalum  - graphite  ard  car bo r- gt a p hit e materials.  (8). 
Carbides  of  titanium  and  zitcocium  - oxide  of  beryllium.  (9).  Oxide 
cf  almsinum  - zirconium  oxide.  (10).  Oxide  of  leryllium  (to.  (11). 
[Iranian  dioxide.  (12).  in  wcrk  with  pyrometer;  (13).  in  work  with 
thermocouples.  (14).  Graphite,  carbide  cf  siliccq  and  carbon-graphite 
■ate rials  cf  different  density  (to.  (15).  Ciferential  version  of 
schematic  a.  (16).  Vitrccsil. 

Fage  153. 

At  the  same  time  with  temperature  rise,  the  organization  of 
umiforc  heat  flux  becomes  ever  more  ccnplex  technical  problem. 
Eesearchers,  armed  by  ccnteiporary  computer  technology,  increasingly 
mere  frequently  give  preference  to  ccnparat rvel y simple  experimental 
equipment/devices,  which  make  it  pcssible  tc  create  and  to 
investigate  three-dimensicnal/space  temperature  field  in 
specimen/samples,  transferring  the  center  cf  gravity  of  work  to  the 
mathematical  perfecting  results  cf  teasure le nt s. 

As  an  example  it  is  pcssible  tc  indicate  tbe  work  of  Glezer  etc. 
[6-34].  The  diagram  of  the  used  in  this  work  installation  is  given  in 
Fig.  6.6.  Specimen/sample  is  ar range/locatc d in  the  focus  of  the 
■irror  of  arc  reflecting  furnace. 
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Foe  decreasing  with  radial  component  ci  the  gradient  of 
temperatures,  the  authors  make  the  diameter  cf  £ peci  men/sa  mple  less 
than  the  size/dimensions  cf  focal  spot  and,  furthermore,  they  shield 
his  lateral  surface  by  platinum  screen.  The  diaicter  of 
specimen/saaple  of  approximately  9.5  mm,  thickness  1.6-3. 2 mm.  The 
clearance  between  the  screen  and  the  specimen/saaple  is  equal  to 
approximately  0.8  mm.  The  attachment  of  sptcimcm/saaple  is  realized 
ty  three  tungsten  needles,  attached  in  holder. 

Two  prisms  make  it  possible  with  the  aid  of  optical 
■icropyrometer  to  measure  the  temperature  distribution  over  butt 
ends.  Monochromatic  emissivity  is  considered  knewn.  Furthermore, 
c paning/aperture  in  hclder  and  lateral  screen  makes  it  possible  to 
determine  the  temperature  of  midpoint  of  lateral  surface.  The 
area/site  cf  the  sighting  cf  the  used  eicrcpyr c ireter  does  not  exceed 
in  dikaeter  0.  1 am. 

| 

The  heat  flux,  scattered  from  the  rear  end/face  of 
specimen/sample,  in  steady  state  is  measured  with  the  aid  of 
radiometer.  The  special  system  of  the  cooled  and  uncooled  diaphragms 
makes  it  possible  to  remove  parasitic  beat  flumes.  During  the 
measurements  of  flows,  prism  3 is  derive/ccncluded  from  the  zone  of 
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the  c<jne  of  radiant  flux,  which  goes  tc  racicmcter. 


Fig.  6-6.  Diagram  of  installation  cf  Glezer  [6-34].  1 - radiometer;. 
2 - cooler  with  screens  (ceded  diaphragms)  ; 3 and  7 - prisms;  4 - 
uncooled  diaphragms;  5 - sample  holders;  6 - specimen/sample;.  8 - 
xirror. 

Fage  154. 

lh«  e*ception/eliminaticn  cf  the  e *issicn/r sdiaticp  reflected  during 
the  pyronetry  of  front  lace  is  reached  with  the  aid  cf  the  special 
filters  (see  Chapter  2),  which  divide  the  spectral  sections  of  that 
heating  and  measuring  the  luiinous  fluxes. 

Thus,  the  used  eguipmert/cevice  makes  it  pcssible  to  heat 


specimen/sample  up  to  necessary  temperature,  tc  investigate  the 
temperature  distribution  on  its  lateral  surface  and  to  measure  the 


calculation  of  the  coefficient  of  thermal  conductivity.  The  first 
space  is  the  numerical  sclution  of  equating  Laplace  for  finding 
volumetric  distribution  of  temperatures  on  assigned  distribution  on 
surface.  With  this  authcrs  they  assume  that  the  problem  is 
axisy metric,  but  the  coefficient  cf  thermal  conductivity  does  not 
depend  on  temperature.  Is  utilized  the  knotr  method  of  relaxation 
[6-35)  6-36].  The  section  of  speciien/saaple  by  the  plane*  passing 
through  its  axis,  is  approximated  by  the  square  carrying  put  grid 
(with  the  size/dimensic p cf  cells  0.32XC..32  cc  C.  16X0.  16  am). 

The  consecutive  relaxation  of  remainder  equations  is  conducted 
until  residue/remainders  at  nocal  points  become  less  than  5*10~3. 
After  this  with  the  aid  cf  electroric  computer,  is  calculated  normal 
temperature  gradient  at  the  nocal  points  of  the  rear  surface  of 
s pecimen/sample,  and  then  by  summation  over  it  is  determined  its 
integral  value 

j grad,  Tdf. 

The  coefficient  of  thermal  conductivity  is  calculated  from  the 
cbvioas  relationship/ratic 


1 = 


(6-18) 


j grri,Tdf 

where  thermal  flux  Q is  located  as  sun  cf  the  flow,  perceived  by 
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radiometer,  aqd  correction  (to  lOo/c)  for  convective  losses  from  the 
surface  of  the  specimen/sanple  (experiient  is  conducted  in  air) . 

That  found  from  (6-18)  the  coefficient  cf  heat  conductivity  was 
referred  to  lean  temperature  of  the  rear  surface  of  the 
speciaen/sample 

T^-jr^Tdf/  (6-19) 


Page  355. 

A ccmmon/gene ral/tctal  error  cf  measurement  the  authors  estimate 
by  value  flOo/o.  it  is  possible  to  agree  with  their  opinion  that  the 
basic  contribution  to  error  gives  act  the  aethcd  of  calculation  (so, 
the  decrease  of  the  space  of  grid  from  0.32  to  0.16  ms  it  changed 
result  in  X not  more  than  fcr  5o/o),  but  the  accuracy  of  measurements 
cf  temperature  and  heat  fluxes.  During  the  described  installation  the 
authors  will  fulfill  the  measurements  of  the  coefficient  pf  the 
thmrmil  conductivity  of  zirccnium  cxide  in  the  range  of  temperatures 
cf  1,  200-1, 500°C. 

It  must  be  noted  that  the  chosen  ir  this  wcrk  method  of 
■easurement  of  heat  flux  frcm  rear  surface  is  permissible  only  if  the 
emissicn/r adiation  of  speci len/sam pie  cbeys  the  law  cf  Lambert.  For 
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the  metallic  specimen/sa wp les  cf  the  measurement  of  radiant  fluxes  in 
normal  direction  tc  radiatirg  surface,  do  ret  lake  it  possible  to 
rate/estimate  the  value  of  hemispheric  emissicn/radiat ion  with  it. 

To  the  direction,  presented  by  the  work  cf  Glezer,  on  spirit  its 
adjoins  the  series  of  tie  experiaec ts,  *ade  by  Rhoch  and  dolleagues 
[6-37,  6-38].  Here  also  is  examined  two-diiensicnal  temperature  field 
ia  limited  cylinder.  Just  as  in  the  preced i ng/previous  work,  the 
temperature  gradient,  introduced  during  the  calculation  of 
coefficient,  is  calculated  cn  the  lasis  of  the  sclution  of  the 
problem  of  temperature  distribution.  Heaticg  s pecimen/sa mple  is 
conducted  by  induction  aethed  with  frequency  of  500  kHz.  In  this 
case,  according  to  the  estiiaticns  of  the  authors,  the  depth  of  the 
zone  $f  heat  release  does  net  exceed  0.C3  n with  the  diameter  of 
spccimen/sample  12-25  at.  The  length  of  specimen/saaple  is  varied 
within  the  limits  of  6.5-38  an. 

In  experiment  is  measured  the  temperature  distributipn  over  butt 
end  of  specimen/sa mple , approximated  by  the  parabola 

*(r.  (6-20) 

where  t(>  =T„  — T ; T*  - temperature  on  an  external  radius;  R - radius  of 
specimen/sa mple ; r - instantaneous  radius;  1 - temperature. 
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On  the  basis  of  the  tact  that  in  aargics  ct  error  in  the 
pyrca«try  does  not  succeed  in  revea  1/de  tea t i eg  changes  in  the 
teaperature  along  the  lateral  surface  cf  cylinder,  as  the  first 
approxiaat ion  duripg  the  tcraulaticn  of  boundary  conditions,  it  is 
aooepted  that  on  lateral  surface  tic  teaperature  is  constant,  i. e_ , 

♦ tl.z)  ~ 0 . 

Page  156. 

Under  these  boundary  conditions  the  prcblei  is  siaply  solved  by 
the  aethod  of  separation  of  variables,  leaperature  field  is  described 
ky  the  infinite  series 


Hence  it  is  possible  tc  calculate  the  value  of  the  longitudinal 
gradient  of  the  teaperatures  in  plane  z=L.  For  the  axis  of 
speciaen/saaple,  its  value  is  represented  as  fellows: 

-(£).,  -« | C**)]-4**'*** 

In  the  last/latter  expression  K0,  is  tfce  certain  shape  factor, 
which  depends  only  on  the  relaticnship/ratic  cf  the  si ze/d inensions 
cf  spcciaen/saaple  (for  this  type  cf  boundary  ccnditions).  However 


heat  flux,  scattered  frcn  the  cell/eleaent  cf  the  surface  of 
spaciaen/saaple  by  eaiss  icn/radiat  icn  (in  ucuui)  . 


The  anthers  assuae  that  tie  irtegcal  hemispheric  degree  of 
fclackaess  r is  knoen,  Then  for  the  calculation  cf  theraal 
conductiTity  it  suffices  tc  knc*  teaperatnzc  T r^, 


A = 


••rj 

*anc.' 


(6-23) 


final  calculated  rclationship/ratic  is  ccnstructed  taking  into 
account  the  possible  ncnisotheiaicity  of  the  lateral  surface  whose 
effect  is  described  by  additive  ten  in  the  dercainator  of  expression 
(6-23)  : 


l'  = 


•< 


feW.+wi— r. 


(6-24) 


where  a,xm  character ize  the  teaperature  distribution  over  the  lateral 
surface: 

t'<*.  *)-- «'(U-*m).  (6-2S) 

and  K "o  - one  additional  shape  factor;  values  K„  and  K*0  depending  on 


l/B  oa  the  data  of  work  [6-37]  are  giver  it  Fig.  6-7. 
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The  introduction  of  the  corrective  ten  Ln  (6-23)  changes  the 
coefficient  of  theraal  conductivity  to  the  value,  which  reaches  5o/o, 
which  indicates  the  iapcrtarce  cf  tie  reliable  deteraination  of 
teapexature  conditions  cn  the  lateral  surface  cf  speciaen/saaple. 

The  authors  investigated  tie  theraal  conductivity  of  aolybdenua 
in  the  ragge  of  teaperatures  2^00-2,  4C0°K  and  Dandl* 

(1,600-1, 800°K)  . An  errcr  in  tie  data  is  estreated  at  e15o/o 
(aclybdenua)  and  20o/o  (vanadiua)  . In  [6-38]  it  is  ccaaunicated  about 
the  results  of  the  invest igaticn  cf  the  theraal  conductivity  of 
graphites. 

It  should  be  noted  that  the  serious  limitation  cf  procedure  is 
the  need  for  the  enlistment  cf  external  data  bcth  according  to 
integral  and  according  to  acncchrc aatic  eaissivity  factor*  The 
dependence  of  these  characteristics  cn  expetiaental  conditions  and 
the  possibility  of  changing  the*  in  the  process  of  experiaent  can 
lead  to  serious  errors  cf  aeasureaents. 


I 
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Chapter  Seven. 

E ESULTS  OP  THE  EXP  ER1MEMAL  INVESTIGATION  CF  THE  THERHAL  CONDUCTIVITY 
CE  REBBACTOHY  METALS  IN  H I G H-  T £ MPE  B AT  C BE  BAACE. 

7-1.  The  teaperature  dependence  of  the  coefficient  of  the  themal 
conductivity  of  metals. 

The  basis  of  contemporary  high-temperature  net  a 11 ic  aaterials 
compose  the  cell/e leaents  of  the  fourth,  by  heel,  the  sixth  and 
partly  seventh  and  eighth  of  the  groups  of  the  periodic  systea, 
arrange/located  in  the  fourth,  by  post  and  the  eighth  its  series. 
Among  them  most  wide  acceptance  as  the  tasis  of  heat-resistant  alloys 
they  will  find  titanium,  cicbiua,  tantalua,  aclyfcdenua  and  to  the 
iolfs^ 

Eage  158. 

Feaaining  cell/eleaents  either  due  to  their  high  costs  or  according 
tc  physical  properties  in  essence  are  itilized  as  addition  and  the 
information  about  them  thus  far  they  have  aaicly  theoretical  and 
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metrological  value. 

The  range  of  tempe cat o res , that  is  of  interest  for 
high-fempe nature  technology,  it  lic/re^ts  within  limits  of 
1* CC0-2,50C°K,  but  sometises  also  it  is  above.  Ccmparing  this  level 
with  the  values  of  Debye  temperatures  «A  for  the  examine/considered 
by  us  aetals,  it  can  be  assumed  that  the  analysis  of  experimental 
data  their  thermal  conductivity  and  the  electrical  resistance  should 
be  coaducted,  relying  or  the  derivations  of  tte  theory  of  transport 
phenomena,  obtained  under  ccnditicr  T>®a. 

Characteristic  for  this  temperature  raege  can  be  considered 
following  basic  facts,  lie  distribution  of  electrons  according  to 
energies  is  characterized  by  the  presence  cf  the  "washed  away"  layer 
with  1 width  of  order  of  kT  near  Fermi  surface.  The  basic  reason  for 
the  limitation  of  the  mean  free  path  of  electrons  becomes  their 
interaction  with  lattice  vitratiens. 

The  wavelengths  of  phenens  and  conduction  electrons  become  the 
values  of  one  order.  The  ccnseguence  this  is  the  fact  that  the 
impurity/admixture  (with  tac  great  a difference  in  valence)  they 
begin  in  identical  meastre  to  scatter  these  types  of  excitations.  The 
heat  Capacity  of  lattice  takes  the  constant  valce,  determined  by 
Culcng  and  Petit's  rule  and  equal  to  3 Kk. 
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let  us  point  out  foe  the  basic  derivations  of  theory  of  transfer 
[7-11],  that  are  the  basis  cf  the  qualitative  (and  scaetiaes  also 
quantitative)  analysis  cf  the  results  of  experimental  investigations. 

It  is  possible  to  assume  that  total  heat  transfer  in  metals  and 
alloys  can  be  represented  ic  the  fcci  cf  the  sun  of  its  tno  main 
cciponents  - heat  flow,  transferred  by  lattice*  Xp  and  the  flow, 
transferred  by  conducticn  electrons*  X,  , i.e« 

X-Xp+X*.  (7-1) 

Set/assuning  by  valid  it  guides  flathiesseo,  for  reciprocal  value 
of  screen  conductivity,  it  is  possible  to  write  the 
relatfcnsh ip/ratio 

-^JFu+ir, +*.+*,.  {7-2) 

where  Wv  - the  thermal  resistance,  caused  hy  the  Unklapp  processes 
during  phonon- phon on  interactions,  i.e.,  by  the  processes*  during 
which  the  wave  vector  of  phenons  changes  tc  final  value;  V,  - 
resistance,  caused  by  scattering  cr  lattice  defects;  Wfl  - on  the 
boundaries  of  specimen/sample;  I,  - on  conducticn  electrons. 


V 


; 


Eage  159 


r 


toe  ■ 78133107 


PAGE 


Condition  T>0  for  value  N t.  can  be  obtained  following  expression 
[7-11  J: 


w 


T’r 


V D,s>a' 


(7-3) 


where  j - constant  Gruneisen  Do  - material  density;  s - speed  of 
sound;  a - lattice  consta  at. 


If  the  speed  of  scond  is  expressed  by  tbe  Eebye  temperature  0, 
then  expression  (7-3)  on  the  assumption  that  ether  mechanisms  of 
scattering  are  absent,  it  leads  to  following  formula  for  the  thermal 
conductivity  of  lattice  (formula  oi  Leibfrcid  ard  Shleman): 


*»— *•  ~Y' 


(7-4) 


, , Ail* 

where  . 


Here:  A - average  atomic  weight;  [a]  =1;  [0]  =°K. 


The  estimations  of  the  mean  free  path  cf  phonon,  the  which 
characterize  the  type  in  question  scatterings,  can  be  carried  out  on 
the  formula,  also  obtained  by  Leibiccid  and  Shleman  [7-18] 


/ _ 20  r„ 
1 


J 

J 


3 

) 

1 

1 

1 


(7-5) 
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W 

where  7 mi  - melting  poirt. 

Ore  should  note  the  approximate  character  cf  the  given 
ce laticnsh ip/ratios  for  Vp . Ziaan  emphasizes  that  then  one  should 
consider  as  lover  Halt  of  thernal  ccnductivity  which  is  connected 
with  application/use  in  the  derivations  of  variational  nethod. 

That  ccaposin9  resistarces  H t in  h igh-teaperature  range  can  be 
accepted  by  constant;  its  value  depends  on  fcri  and  concentration  of 
lattice  defects.  Value  in  h jgh-teaperat vie  range  can  be 
disregarded. 

Fcr  metals  and  alleys,  special  interest  is  shown  the  examination 
of  the  role  of  last/latter  term  in  expressicn  (7-2)  - resistance, 
caused  by  phegon-e lectr cn ic  interaction. 


Page  160. 


Ziaan  showed  that  in  the  temperature 
value  can  be  estimated  in  accordance 


wl 


range  higher  than  the  Debye 
with  the  expression 

(7-6) 


his 


where  p*  - the  electrical  resistance  of  metal,  connected  with 
election  scattering  as  a result  of  lattice  vitretions.  Taking  into 


1 
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account  that  at  high  temperatures  p4.  ~T,  it  is  possible  to  draw  the 
conclusion  that  during  changes  in  tssperatuce  H r it  will  remain 
constant. 

According  to  the  estimations  cf  zinan  at  Cetye  temperature  for 
the  monovalent  metals  M^C.  1 if.  At  higher  temperatures  the  effect  of 
phcccm-electrcnic  interaction  cn  tie  total  resistance  of  lattice 
most,  therefore,  decrease. 

Thus,  in  range  T>0  we  right  t 
dependence  of  the  screen  ccmprisin 

kt+b  ' 

where  constants  A and  B depend  on 
physical  characteristics. 

The  second  component  cf  thermal  conductivity  A, , caused  by  the 
transfer  of  thermal  energy  by  conduction  electrons,'  also  is 
determined  by  the  jcint  effect  cf  diffareot  mechanisms  of  scattering. 
The  important  ones  among  them  are  scattering  electrons  during  lattice 
vibrations  (electron-phcncn  interaction)  and  scattering  cn  different 
structural  defects.  If  corresponding  component  cf  thermal  resistance 
are  designated  and  , then  it  will  be  possible  to  write: 


c expect  the  following  temperature 
g of  the  metals: 

(7-7) 

the  structure  cf  matter  and  its 


J 

J 


3 

J 

1 

3 

1 

1 


Ll 


(7-8) 
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In  high-tenperature  range,  the  theory  predicts  the  existence  of 
single  bcqd  of  both  of  components  with  the  appropriate  components  of 
the  electrical  resistance  of  eetal. 

lage  161. 


The  expression  of  this  connection  is  Videnan  - Franz's  Ian,  which 
acts  Always,  when  scattering  can  be  considered  elastic.  In  accordance 


with  it 


(7-9) 


and 


(7-10) 


a ^*==s-5'  ("#")  =2,45- 10*'  ?*/dega.  has,  electronic  component  of 

tbereel  conductivity  of  metals  and  alloys  can  he  expressed  through 
Lorentz  nueber  and  electrical  resistance  p: 


(7-1 1) 


where  « - electrical  conductivity. 


Bloch's  known  fornela  [7-19] 


(7-12) 
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•akes  it  possible  tc  sake  tbe  conclusion  thct  in  the  absence  of 
admixed  scattering  in  ideal  metal  the  ccefficiect  of  electronic 
thernal  conductivity  will  net  depend  on  temperature.  In  the  more 
general  case  we  must,  it  is  prctabla,  tc  expect  a tenperature 
dependence  of  the  type 

*.=  L*  k . (7-13) 

« + "f- 


For  a series  of  transition  metals,  this  dependence  even  more 
becomes  complicated  in  ccnnecticn  vitb  the  increasing  with  the 
tenperature  role  of  electron  scatterings  fren  S-zone  in  d-zone.  To 
curve  p (T)  this  is  expressed  into  ferm  of  divergence  from  linear 
dependence  to  the  side  cf  decrease  dp/dT.  lie  relative  change  in  the 
resistivity,  caused  by  this  process,  negatively  and  according  to 
Zinan  can  be  estimated  cn  the  formula 


«h«r«  - a distance  frem  Fermi  surface  tc  the  ceiling  of  d-  zone. 
Taking  into  account  this  expression  (7.13)  should  be  written  in  the 
form 


(7-15) 
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Thus,i  electronic  component  of  theraal  conductivity  of  metals  in 
tha  general  case  can  grev/rise  with  teaperatcre. 

* 

Talcing  into  account  screen  ccapcnent  tie  c canon/general/total 
theraal  conductivity  of  aetals  and  alleys  in  dependence  cn  the 
temperature  in  range  T>6  can  he  written  as 

1 AT+B  "r  a(]  _5P)  + f7--.  (7-16) 

and  be  characterized  both  fcy  the  positive  and  negative  values  of 
teapeiature  derivative. 

It  must  be  noted  ttat  in  high-temperature  range  in  accordance 
with  the  theory  of  the  conductivity  of  aetals  and  alloys  the 
experimental  values  of  lorertz  number  (considering  and  screen 
ccapooent)  cannot  be  lover  than  theoretical  value.  This  gives  Known 
evaluation  criteria  of  the  authenticity  of  cne  or  the  other  results. 

In  spite  of  the  doubtless  successes  of  theory,  reached  at 
preseat,  its  level  still  dees  not  allow  witt  sufficient  for 
technology  accuracy  to  predict  the  absolute  value  of  one  or  the  other 


DOC  =?  78133107 


PAGE  A 0- 


33.x 


kinetic  properties  not  cnly  for  cciplex  contemporary  structural 
Materials,  but  also  for  the  Majority  of  pare/clean  cell/elements.  The 
decisive  word  thus  far  telcngs  to  expeciaent.  1c  the  lot  of  theory, 
here  reaains  thus  far  firdirg  the  approximate  physical  nodel,  which 
qualitatively  explains  cne  cr  the  ether  special  feature/peculiarity 
cf  the  investigated  phercaencn. 

7-2.  The  experiaental  data  cn  heat-  and  of  electrical  conductivity  of 
refractory  metals  in  high-temperature  range. 

Jn  present  paragraph  are  given  scae  results  of  cur 
investigations,  obtained  during  installaticcs  with  the  electronic 
heating  (see  Chapters  4 and  5) . Where  this  is  proved  to  be  possible, 
is  conducted  their  coapariscn  with  ether  authors'  results.  In  this 
case,  in  this  stage,  the  circle  of  the  ccajared  works  is  linited  only 
by  thpse,  in  which  is  Measured  precisely  the  coefficient  of  thermal 
conductivity.  The  analysis  cf  data,  obtained  frea  experiments  the 
xeasurement  of  thermal  dif f usivity , with  the  rare 

exception/eliainat ions  cf  ccapcsite  Measure  lent s,  will  take  away  us 
to  the  side  of  the  critical  examination  of  data  on  heat  capacity  and 
densities  and,  perhaps,  will  net  explain  enter  picture. 

Page  163. 
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Metals  of  the  fourth  sutgroup  of  periodic  system  titanium*  zirconium, 
hafnima,  thorium. 

af  all  refractory  metals  this  group  ir  the  temperature  range 
higher  that  1,000°K  is  least  investigated,  lhe  experimental  data  on 
the  thermal  conductivity  cf  titanium  and  thcriua  generally  are 
absent.  If  necessary  for  the  sufficiertly  approximate  estimate  in  the 
case  <?f  titanium,  it  is  possible  to  use  the  value  of  thermal 
diffusivity,  measured  in  work  [7-11].  Cn  its  authors'  data,  in  the 
temperature  range  of  1 , 156- 1,SQ0°K  (beta-phase)  the  thermal 
diffusivity  of  titanium  is  constant  and  egual  to  6. 0*10'*  m*/s.  In 

the  range  cf  phase  transformation,  it  experience/tests  jump, 
descending  to  5.1« 10”*  t2/s.  The  characteristic  of  s peciaen/sa mple  is 
assigmed  by  the  value  of  the  relation  cf  resistances  p?, a®* /P*,,*..* 

= 40. 

airconium  is  studied  better.  In  [7-2.  ] are  giver,  the  data  of 
Fieldhouse,  obtained  by  the  method  of  radial  heat  flux  in  the 
temperature  range  of  484-  1925°K. 

The  investigated  ir  this  verk  taterial  certains  99.95o/o  Zr, 

0. Q29g/o  Pe,  0.017o/o  C and  0.0045c/o  Findings  are  represented 
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curved  of  4 on  Fig.  7-1.  Here  are  given  results  cf  the  investigations 
cf  D.  1.  Tinrot  and  V.  E.  Feletskiy  [4-17]  (curves  1 and  2)  and  the 
recent  data  of  V.  E.  Peletskiy  and  Ta.  G.  Sctcl*  (curve  3 and 
experimental  ).  tn  oJOrJl  C 4-17]  ,is  investigated  iodide 

zirconiua  by  purity  99.5c/c  vith  speciaeq/sciple  density  at  the  root 
tenperature  of  6.45  g/caJ.  Invest i cat io rs  were  aade  cn  one  of  the 
first  versions  of  the  installation,  working  according  to  the  Method 
of  th«  electronic  heating  (see  Chapter  4).  Eefcre  measurements  the 
spmcinen/sanple  passes  as  three-hour  annealing  in  vacuum  10"*  mm  Hg 
at  temperature  of  1,800°K.  Fesults  (curve  1)  detect  the  increase  of 
the  coefficient  of  the  thermal  conductivity  of  iodide  zirconium  with 
temperature. 
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7-1.  Thermal  conductivity  of 

1 1)  W»cm"  * * deg”  ». 

164. 


2irconi« ■ . 


Under  these  conditions  were  carried  out  the  measurements  in  the 
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£ pecimen/sample,  prepared  from  the  Material,  obtained  by  the 
reaelting  cf  iodide  zirccniua  in  electric-arc  furnace.  Crucible  was 
cade  from  graphite.  Smelting  occurs  in  the  lediun  of  argon.  The 
results  of  measurements  (curve  2)  mill  prove  tc  be  higher  than  the 
data  for  an  initial  iodide  material  on  the  average  by  30-35o/o  with 
the  maximum  error  for  single  measurement  net  acre  than  12-15o/o. 

V.  E.  peletskiy  Y a.  G.  Sobol'  (curve  3)  also  investigate 
reaelted  zirconium.  Billet  for  a s pecimen/samp 1 e is  prepared  with  the 
method  of  cathode-ray  zene  remeltirg  fet  vacuut.  The  composition  of 
specimen/sample  with  the  content  of  tase  metal  not  less  than  99.9o/o 
is  characterized  by  following  impurity/adm i»tur es,  o/o:  0.01  C;  0.005 
N2 ; 0>01  0 2 ; 0.009  Fe;  < 0.002  Al ; 0.03  Nb;  <0.CC5  Cu;  <0.003  Ti; 
<0.005  Si.  The  resistivity  cf  specimen/sample  at  the  room  temperature 
►=23.5°C  will  be  44.2  pC«cm.  Measurements  were  made  during 
installation  with  the  calorimetric  measuresent  cf  heat  flux  in  the 
working  section  (see  Chapter  4)  with  an  ericr  in  the  single 
■easucement  not  more  than  6-80/0. 

Experimental  data  are  represented  ty  circles.  They  will  confirm 
tb«  values  of  the  thermal  conductivity  cf  tie  rcmelted  material: 
temperature  course  and  tie  absolute  values  cf  ctrves  2 and  3 were 
very  close.  Curve  of  Fieldhcuse  occupies  the  icteraediate  position 
between  our  curves  for  reaelted  and  iodide  2irccriua  and  it  is 
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characterized  by  weaker  temperature  dependecce. 


it  is  not-without-icterest  together  with  these  data  to  examine 
the  temperature  dependence  cf  resistivity,  lte  necessary  measurements 
of  electrical  conductivity  cf  that  remelted  by  the  method  of  zone 
melting  of  zirconium  were  made  by  V.  P.  Drmzhinin.  They  are 
represented  op  Fig.  7-2.  Curve  detects  the  presence  cf  weak  maximum 
in  the  range  of  temperatures  of  50C-600°K  that  it  correlates  well 
with  lcw-temperatune  data  on  Doss's  thermal  ccndnctivity  C7-3}. 


w no  m *oo  m * 

Fig.  1-2.  The  temperature  dependecce  cf  the  resistivity  of  zirconium 
according  to  data  of  V.  P.  Druzhinin  anc  V.  E.  Feletskiy. 

Key:  XI).  Q«cm(°K) 

Fage  165. 

In  th*  range  of  polymorphic  ccnversicn,  is  ctserved  characteristic 
jump,  in  the  range  of  beta-phase  (cubic  lattice)  is  observed  further 
reduction  in  value  p/T.  Calculation  of  lorectz  number  according  to 
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these  data  gives  for  a temperature  range  1,  200-1^,400°  K of  the 
values,  which  are  changed  frca  2. 42«10*8  tc  2.5C«10"8  V*/deg2,  i.e., 
virtually  corresponding  tc  theoretical  value,  fce  can,  thus,  indicate 
that  in  the  high-temperature  range,  which  directly  adjoins  the  zone 
cf  polymorphic  conversion,  the  conductivity  of  compact  zirconium  is 
determined  by  electronic  component,  which  detects  tendency  toward 
weak  increase. 

1c  Fig.  7-3,  given  data  of  the  authors  cn  the  thermal 
conductivity  of  iodide  hafnium  [4-19].  Experimental  model  is 
sharpened  frcm  the  bar  cf  icdide  hafnium.  Its  average  density  at  room 
temperature  is  13.06  g/cm3.  Material  certains  tc  1.5c/o  of  zirconium; 
spectral  analysis  will  reveal/detect  the  traces  cf  iron  and  copper 
(<C.C61c/o),  the  weak  traces  of  silicon  and  nickel. 

The  error  of  result  is  estimated  in  these  measurements  by  value 
ty  10-12o/o.  Like  zirconium,  hafnium  will  re vea 1/detect  the  increase 
cf  the  coefficient  cf  thermal  conductivity  with  temperature.  Its 
absolute  value  changes  frcm  23.2  H/(m»deg)  at  1,300°  K to  28.8  W/ 
(■•deg)  at  2,000°K  and  it  is  very  close  to  the  value  of  the 
coefficient  of  the  therial  conductivity  of  iodide  zirconium.  It  must 
be  noted  that  given  data  characterize  the  conductivity  of 
specimen/sample  in  the  directicn,  perpendicular  to  the  direction  of 
crystal  growth  in  the  production  of  billet.  Specimen/sample  consists 
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cf  the  elongated  of  radial  direction  coarse  grains  with  weakened 
ccmmunication/connecticps  between  then.  It  is  [cssible,  cne  of  the 
reasons  for  the  observed  in  zirconium  increase  cf  thermal 
conductivity  after  remelting  consists  precisely  of  a change  in  the 
structure  cf  specimen/sample.  It  is  possible  to  expect  analogous 
charge,  also,  at  hafniui,  it  can  he  even  intensified  by  the  fact  that 
in  entire  area  of  exploration  it  retains  hexagonal  lattice. 


Fig.  7-3.  Thermal  conductivity  of  iodide  harniun  on  the  data  of  work 
[4-19 j. 


Key  (1).  Ohms«m*deg. 
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The  investigated  hafnium  then  was  smelted  ty  the  method  of  zone 
election-beam  melting.  In  the  obtained  specimen /sample  were  carried 
cut  the  measurements  of  resistivity.  At  rocs  temperature  (20°C)  the 
impedar.ee  cf  the  remelted  s peci raen/samp le  decreases  from  37.  3 to  36.2 
pU^cm,  Results  in  high-te aperature  range  are  given  tc  Fig.  7-4. 
Character  of  change  curved  the  same  as  of  zirccrium.  Value  p/R 
mctotonically  falls  froi  juip  in  tie  region  cf  pclymcrphic  conversion 
(2030$20°K) . A change  of  the  resistivity  in  region  a -*  p junction  is 
approximately  9o/o. 

In  absolute  value  cur  data  lie/rest  approximately  to  5-7o/o 
below  result  of  work  [7-4],  made  in  the  wire  s pecimen/samples  of 
hatniai,  of  containing  4.9  at.  o/o  zirconium,  and  to  9-10o/o  lower 
than  the  data  of  work  [7-5],  measurements  in  which  were  made  on  the 
material,  containing  5.7  at.  o/o  zirconium.  The  disagreement  of  these 
data  with  ours  can  be  connected  with  different  ccntent  of  zirconium 
in  specimen/samples,  utilizing  data  on  electrical  resistance,  it  is 
possible  to  rate/estimate  tie  value  cf  Locertz  rumber  of  hafnium.  On 
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cur  data,  it  is  not  lower  than  the  values,  determined  curved 
mcnotcnically  decreasing  frcm  2.8*1C*8  V*/deg*  cr  1,300°K  to  2.5*10  8 
at  20Q0°K. 

The  evaluation  of  these  values  as  maxiiui  is  connected  with  the 
fact  that  for  reasons  indicated  above  the  thermal  conductivity  along 
the  a*is  of  iodide  bar  (not  subjected  t her «c eec hanical 
treat aent/ working) , probably,  lie/rests  belcw  possible  values  for  a 
ccapact  polycrystalline  material  after  its  lemelting. 

Metals  of  the  fifth  subgroup  of  periodic  system. 

Vanadium.  The  investigations  cf  the  coefficient  of  the  thermal 
conductivity  of  vanadiui  in  the  field  cf  high  temperatures  will  begin 
tc  be  carried  out  mcst  recently. 


fig.  7-4 . The  temperature  dependence  of  the  resistivity  cf  hafnium 
(Vi  yu.  Voskresenskiy,  V.  E.  Druzhinin,  V.  l.  Eeletskiy,  D.  L. 
limrot) . 
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In  handbook  [7-2]  are  given  the  results  a tctal  of  two  works.  One  of 
then  is  done  by  Fieldhouse  and  Lang,  the  otter  - Hoch  and  Nitti. 

The  first  investigated  material  by  purity  99.74c/o  (basic 
impurity/admixtures,  o/o:  0.073  0;  0.046  Fe ; 0.C43  N;  0.042  C) ; 
s pecimen/sample  density  is  equal  tc  6.C5  g/cm3.  For  measurements  was 
used  the  absolute  method  cf  radial  heat  flux.  Ey  Hoch  and  Nitti  as  is 
known  (see  Chapter  6),  is  utilized  the  netted,  instituted  on  the 
analysis  of  two-di nensicnal  temperature  distribution  in  a limited 
cylinder,  heated  by  high-frequency  currents.  The  calculation  of  the 
coefficient  of  thermal  conductivity  of  then  is  compulsorily  connected 
with  the  enlistment  of  cata  according  tc  the  enissivity  of  material 
and  in  the  general  case  washes  to  he  accompanied  by  the  appearance  of 
an  uncontrollable  in  experiment  systematic  errer. 

He  are  inclined  more  reliable  tc  ccnsider  data  cf  Fieldhouse. 

The  comparison  of  the  results  cf  that  and  ether  of  the  works  is 
carried  out  on  Fig.  7-5.  Unfortunately,  in  the  cata  cf  Hoch  and 
Nitti,  given  in  [7-2],  there  is  no  information  about  the  purity  of 
material.  Nevertheless  even  if  one  takes  into  account  the  possible 
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difference  in  composition,  it  is  net  possikle  tc  explain  the 
difference  in  data,  that  teaches  1CC-7Cc/c,  otherwise  as  by 
systematic  measuring  error.  Examination  Fig.  7-5  makes  it  possible  to 
draw  pnly  a conclusion  about  the  need  for  the  supplementary 
measurements  of  the  coefficient  of  therial  conductivity  of  vanadium 
for  the  zone  of  high  tea pe r at ures. 

niobium.  In  spite  of  the  wide  application  of  this  metal  and 
alleys  on  its  basis,  its  physical  properties  and,  in  particular,  the 
coefficient  of  thermal  conductivity  in  the  region  of  high 
temperatures,  are  studied  far  not  completely. 

fata  of  Fieldhouse,  hedge  and  Iang,  giver  in  handbook  [ 7-2],  are 
limited  by  temperature  of  1,900°K  and,  unfortunately  are  not 
described  by  the  composition  of  material. 


fig.  1-5.  Thermal  conductivity  of  vanadium.  1 - data  of  Fieldhouse 
and  Ltng  [7-2];  2 - data  of  Hoch  acd  Nitti  [7-2]. 
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E.  P.  Pilippov  and  I.  i.  Makarenko  [7-11]  communicate  on  value 
the  cgefficient  of  the  thermal  conductivity  of  niobium  at  temperature 
of  1 , 660°K  [0.691  H/cm«deg)  ],  obtained  during  i retaliation  with 
induction  heating.  The  investigated  by  then  specimen/sample  contains 
99^2o/o  Nb(  0. 3o/a  Ta,  C.C8c/c  Ti,  C.04c/o  Fe  and  0.04  Si  it  has 
density  8.54  g/cm3  and  specific  impedance  at  the  root  tenperature  of 
1£;4  >iQ«cm.  (For  reasons  presented  above  we  do  not  give  data  from  the 
earlier  works  of  L-  P.  Filippov,  calculated  on  thermal  conductivity. 
Ihay  are  thoroughly  exarined  by  it  in  its  aerk  [3-32]). 

New  data  on  niobiui  in  wide  temperature  interval  are  recently 
obtained  by  B.  E.  Neynaik  and  L.  K.  Vcccqir  [7-7].  Initial  material 
in  their  measurements  was  attained  by  electicn-tean  melting  in  vacuum 
and  cpntains  following  impurity/ad mixtures , o/c:  0.3  Ta;  0.01C;  0.001 

cV  0.001  N ; 0.001  H.  ' , 1 ' ’ ' 

| | • M I • ’ 1 

* ...it 

Besistivity  at  roca  temperature  ocaposes  15.2*1C~6  Q*cm. 
Measurements  cover  temperature  range  frem  4C0  to  2000°K. 

I | < • ^ r • » • • i 

It  should  be  noted  that  to  12C0°K  experiments  were  carried  out 


by  the  method  of  Jager  and  Ciessel horst , bat  at  higher  temperatures  - 
by  Bode's  method.  Good  aatirg  of  results  bating  into  account  the  high 


reliability  of  the  oiethod  of  Jager  and  Ciesselhcrsrt  lakes  it  possible 
to  consider  sufficiently  reliable  and  high-temperature  data  this 
WC  Ik . 


Our  neasureme  nts  [1-18]  of  the  coefficient  of  the  thermal 
coqduotivity  of  niobium  were  made  in  the  range  cf  temperatures  of 
1400-2300°K  on  the  material,  obtaired  ty  e lect r c n-beam  smelting  and 
containing  99.5o/o  Nb,  0. 17o/o  Ta,  0-025o/c  Ti,  0.06c/o  Si  and 
C.03o/o  Fe  . Haterial  deisity  and  specific  resistance  p with  room 
temperature  (20°C)  will  compose  respectively  €.56  g/cm 3 and  15.6 
pfl  »c  m, 

I . ; 'll*" 

Other  researchers'  ccnparison  our  these  with  results  is  carried 
cot  on  Fig.  7-6.  Taking  into  account  an  erccr  cf  measurement  (about 
lOc/o  at  us,  7-10o/o  - at  L.  F.  Filippov,  5c/c  - according  to  the 
evaluations  of  Fieldhouse,  10-15o/o  - at  e.  B.  Neynark)  it  is 
possible  to  speak  about  good  agreement  cf  tie  presented  in  figure 
data.  Hade  by  us  the  measurements  cf  the  resistivity  of  the  sane 
sample  (Fig.  7.7)  make  it  possicle  to  calculate  values  of  Lorentz 
number:  it  mogoton ically  gicw/rises  frcn  2.tO«1C-«  V*/deg*  at  t400°K 
tc  2. 72«10-e  V*/dag*  at  230C°K.  On  E.  E.  Neynark's  data  in  the  region 
cf  temperatures  1200-2000°K  L it  gtow/riaes  frc«  2.56  to  2.61-10-" 
V*/deg*.  For  Filippov  with  1660°K  l=2.74«1C_*  V*/deg*. 
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Tantalum.  To  the  study  of  the 
considerable  number  of  tcrks.  Orly 
it  is  possible  to  call/rame  seven 
ther m^physical  laboratories,  their 
and  the  obtained  results  are  repre 
frcm  figure,  data  only  do  net  dive 
tut  sometimes  contradict  scie  cthe 
temperature  dependence.  Sc,  by  All 
obtained  the  negative  value  of  the 
conductivity,  while  the  xajerities 
thermal  conductivity  of  tantalum  w 
{curve  6)  occupy  the  central  regio 
draw  a conclusion  about  the  weak  i 
cf  tantalum  with  temperature.  A ma 
measurement  is  here  estimated  at  * 
of  points  around  that  smoothing  cu 
cbtained  results  will  agree  well  w 
McClelland  [7-2]  and  the  recently 
L.  K.  Voronin  [7-7], 
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Hedge  and  Lang  [7-2];  2 - our  data;  3 - L.  t.  Fi  ] ippova  's  data  [7-2]; 
4 - data  of  B.  E.  Neynatk  and  L.  K.  Votcnic  [7-7], 


Key;  (1).  _1 ‘deg-*. 


Fig.  7.7.  Temperature  dependence  of  the  specific  electrical 
resistance  of  niobium  and  tantalum  accordint  to  our  measurement. 
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lable  7-1.  Bnuaeration  cf  vorks  on  the  therial  conductivity  of 

taftalua. 
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1.  B.  Fleldhouse, 
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1905  |JI.4-I6) 

1 300 — 2 '.XXI 
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99.81  Ta;  0.33  Nh;  0,01  Fe; 
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0.014  W;  pao.c  =13.710* 
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B.  E.  HeAwapit, 
JI.  K.  BopoHHH 

1908  (JI.7-7J 
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Key:  (A) . No  in  s«fu«acc.  IB) . Authors.  (C)  . Tsar  and  literature. 
(D).  Bethod.  (E).  Temperature  interval,  «*.  (F).  Characteristic  of 
sjecinen/sanple  (chemical  ccmpcsiticn,  o/o;  density,  g/cm*)-  (H. 


Filaaent  with  current  in  vacuum.  (2a).  Fethod  of 
external  heat  source.  (2b).  traces.  (2c).:  g/ca*. 
(4a).  Filaaent  with  current  in  vacuua.  Netted  cl 
(4b)  . Spec imen/sam pie  Nc  1:  0.0C5  Fe; 
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0*052  other  components;  specimen/sam pie  No  2:  0.0028  Fe;  0.0035  Nb; 
0.0016  C;  0.0032  02;  <0.001  N2;  other  - 0.C175.  (5).  V.  S.  Gumenyuk, 

V.’  V.  Lebedev,  V.  Ye.  Itanov.  (5a).  Filament  with  current  in  vacuum. 
Parabolic  section.  (5b).  Tantalum  cf  industrial  purity.  (6).  V.  E. 
Eeletskiy,  V.  Yu.  Voskr eseqskiy.  (6a).  Longitudinal  Clow  in  rod  with 
external  source.  (6b).  C*cm;  7=16.57  g/cu>.  (7).  B.  Ye.  Neymark,  L. 
K.  Voronin.  (7a).  Bode's  method.  (7k).  C*cm;  7=  16.57  g/cm*.  (7b). 
pfl  «cm, 

Fage  171. 

From  this  series  drop  cut  tie  results,  obtained  ty  Horthiag  [3-21] 
(cpe  of  the  first  slave  in  this  region)  and  ty  fieldhouse  [7-2]. 

On  the  basis  of  known  information,  it  is  difficult  to  find  the 
reasonable  explanation  to  tie  disagreement  cf  the  results  of  the 
works  cf  Fieldhouse  and  Basor.  The  utilized  by  them  methods  are 
sufficiently  reliable  in  order  to  ensure  the  coincidence  of  results 
to  10-*15o/o.  The  sources  cf  possible  systematic  errors  here  more 
easily  yield  to  excepticn/elimination,  than,  for  example,  in  the 
methods  of  the  heated  filament  where  they  can  ccticeably  distort 
absolste  values  and  the  temperature  course  cf  real  curved.- 


1c  give  on  the  basis  of  the  described  picture  any  specific 
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reccmmendations  to  us  seems  by  premature.:  Ibis  kill  become  possible 
only  after  tbe  systeaatic  studies,  covering  wide  temperature  region 
and  aade  by  independent  aethods  in  the  close  in  ccapcsition 
spacimen/samples  of  metal. 


The  measurements  of  tie  resistivity  (see  Fig.  7-7)  make  it 
possible  to  calculate  the  values  of  Lorentz  nuaber  and  to  compare 
them  mith  the  results  cf  ctber  investigaticrs  (table  7-2). 

Ill  the  given  results  vere  obtained  dating  measurements  X.  and  p 
in  one  and  the  same  spec iae n/saap les.  This  eliaiaates  the  error, 
connected  with  the  joining  cf  heat-  and  electrical  conductivity  to 
the  specimen/samples  of  asserted  ccmpositicr. 

Is  focused  on  itself  attention  of  the  very  low  value  of  Lorentz 
number,  obtained  by  V.  £.  Gumeryuk,  by  V.  V.  Lebedev  and  V.  Ye. 
Ivanov. 

(i) 


Fig.  7-8.  Thermal  conductivity  of  tantalum.  The  designations  of 
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curves  correspond  to  the  reference  ousters  cf  works  in  /able  7-1. 

Key:  fl).  H«a-»»deg-1. 

Page  172. 

It  is  not  excluded  that  these  results  are  eiccnecus  ones,  since  as 
yet  there  are  no  bases  to  assuse  the  possibility  of  considerable 
divergences  froa  Videnan  - Franz's  law  for  tantalus  in  zone  T>0.  Our 
■easucenents,  and  also  E.  Ye.  Neyaark's  last/latter  data  sake  it 
possible  tc  assert  that  in  the  region  of  hick  tenperatures  the 
Icrentz  nuaber  of  tantalus  is  in  effect  equal  to  thecretidal  value. 

Metals  of  the  sixth  subgroup  of  periodic  systea. 

The  greatest  interest  for  high-teaper ature  technology  aaong  them 
they  represent  aolybdenua  and  tungsten.  It  is  logical  that  this  will 
find  its  reflection,  also,  in  the  development  cf  the  investigations 
cf  their  properties.  A ruaker  cf  wcrks  only  in  the  range  of  direct 
measurements  of  the  coefficient  of  thenal  ccndvctivity  will  exceed 
ten  bgth  for  that  and  for  ether  materials,  however,  this  will  not 
reveal/detect/expose  in  any  way  tfce  final  pictrre  of  its  temperature 
ccurse  for  that  and  other  ccll/eleaents. 


r 


molybdenum  in  high-tempe  rature  ranee,  is  givea  in  7afcle  7.3.  The 
crder  of  their  location  is  est a bl i £ h/inst a 1 le d in  the  conformity  in 
th«  cpurse  of  time  of  tfce  executicc  cf  work.  The  corresponding  data 
are  given  to  Figs.  7-9  and  7- 1C.  (Numbers  ci  curves  in  figures 
correspond  to  the  reference  nuabers  cf  work£  ir  table). 

Be  will  consider  as  advisable  to  divide  Soviet  and  foreign  data. 
Eartly  this  is  connected  with  tie  tendency  tc  scaevhat  unload 
figures.  However,  main  reason  will  fce  the  tendency  tc  decrease  during 
comparison  the  effect  of  possible  differences  in  technology  of 
obtaining  and  respectively  in  structure  and  purity  of  the  materials 
being  investigated. 

8 2 2 

Table  7.2.  Lorentz  number  of  tantalum  L*10  V /deg  from 
data  of  various  studies. 


F) 

(2' 

TmnrpaTypa.  *K 

.1irtep*Typ* 

573 

873 

1 173 

1 273  | 

1 300  | 

1 900  | 

2500 

2900 

(V> 

Ham h aanHwe 

_ 

2.42 

2,40 

2.44 

2.48 

I/I.4- 16] 
(JI.3-3IJ 

1,94 

1.68 

1.53 

1/1. 7-8] 

2.48 

2.72 

3.04 

3.17 

— 

-I 

— 



(7I.7-7J 

2.56 

2,51 

2,48 

2.47 

2,47 

2.44 

— 

— 

Key:  (1).  Literature.  (2).  Temperature,  °K. 

(3) • Hour  data. 
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Table  7-3.  Enumeration  cf  ucrks  on  tbe  theroal  conductivity  of 

•clyb^enua. 


V) 

CO 

(O) 

4 ViBTepaaa 

n/m. 

CAarofW 

foa,  jaircpaTyp* 

Meroa  (norpaiuaocTk) 

raamgaTyp. 

-<n 

X*p«K  ie^HCTIIK#  OftpWtft  (XHMM'ierKIlfl 
coctib,  %;  n^JTWocTW.  .'/CM*;  yftrJibHoe 
conporn».*?MH*  npM  2P*  C.  om  cm) 


R.  H.  Osborn 


I.  B.  Pieldhouse, 

J.  C.  Hedge. 

J.  I.  Lang.  A.  H.  Takata 

M.  S.  Rasot. 

J.  D.  McClelland 

P.  A.  Pya*n.i. 

y.  Aik.  riapnep, 

P.  A*.  AweHKHHC 
R.  D.  Allen. 

L.  F.  Olasler, 

P.  L.  Jordan 

K.  H.  Bode 

B.  C.  TyMeHioK. 

B.  E.  VlBaHOB, 

B.  B.  AeOenee 


1941  [A. 3-22) 

1956  (A. 7-2] 

1966—1960 

|A.7-I3| 

1959  [A.3-23] 

1960  [A. 3-33]  i 

1961  |A.  1- 16) 

1962  [A. 7- 14) 


/ /O 

HiiTb  c tokoh  b Baayy- 
ne.  MeTOA  TenaoBoro  6a- 
aaHca  ua  KOHesiioM  yiacT- 

^“MeroA  paAMai. Hero  ren- 
aOBoro  noTona 


(y. 


To  ate.  4A*  ±5*/t 


<V“' 

Hark  c tokom  b saayy- 
ue.  Mbtoa  Oajianca  Ten- 
na,  4X*.  ±10*/. 
r>*)HHTb  c tokom  b Baxyy- 
ne.  MeroA  KpmiiHaHa  h 
AwbAhs 

r MeTOA  BapHamiH  pa6o- 
nero  tokb 

(j'A)HHTb  C TOKOM  B BBKyy- 

Me.  riapa6o.iH'iecKHH  yiac- 

TOK 


1 200—1  900 

500—  I 900 

800—3  000 

1 500—2  100 

2 400—2  900 

1 100—1  200 
! 200—2  500 


lb  L 

CneAN  MCTa AAHMecKHX  npitMe- 
ceA 


- b 


T=I0.2I  z/tM* 


0.073—0.003  SI;  3-I0-*  ( r; 

0,013  Cu,  0.25  Fe;  0.021  Tl;  — . 
0,(H)7— 0,008  C;  y=  10.22  rot* 


(}6> 

Mo.iHOneH  no.iyti'H  AyroBoft 
n.iaBKon  b HHepmofi  cpeae. 
CocTaB:  0,18  Fe;  0,030  Mn; 
0.073  SI;  0,04  C;  0,005  O, 

99.98  Mo 


IpoMuui.ieHubifi  Mo 


A 
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Qo^tinuation^  Table  7-3. 


55  ~ 

<$> 

Arropu 

roa,  Jtnr.p«ryp* 

Meroji  (norpeiiiHocTb) 

TennegiTyp. 

8 M.  Gutler,  1963  (71.3-4) 

G.  T.  Cheney 

9 | Jl.  PI.  4>HJiHnnoB  (71 . 3-32] 


71. 71.  fHMpoT,  1966  [71.7- 15) 

B.  9.  rie.neuKHfl, 

B.  KJ.  BocKpeceHCKHft 

H.  Jl.  Thmpot,  1966  (71.7-15) 

B.  9.  rienemuiB, 

B.  JO.  BocKpeceHCKHft 


12  B.  9.  riejieuKHfi, 

H.  T.  Cofiojib 

13  B.  9.  rieneuKHii, 

51.  T.  Cofiojib 

14  B.  9.  nejieuKHft, 

51.  T.  Coflojib 


JlH<{xt>epeHUHaJibHbiH  Ba- 
DHaHT  MeTO/ia  Kojibpayuia 

HHTb  c tokom  b BaKyy- 
Me.  9KcnoHeHUHanbHUM 
yqacroK 

^fcleTOA  BJieKTpoHHoro 
narpeBa,  8X=±10% 

Tone.  81=10=  1 2% 


(i 

Me  TO  A BAeKTpOHHOrO 
Harpe&a  c Ka  jtopHMOTpoM , 
8X=  ±8% 


- To  *e 


■ v . -f%%  c /VM-,  y nr  sin 

•K  | *»■  nn f* ,th utrmtr  n/m  20*  c.  om  cm) 

Jfb) 

I 100 — 1 700  CocTaB  lie  npH boahto, 
I600—2  4IX)  90.8  Mo;  0,1  Fe 


1300 — 2 400  IloaHKpMCTa.iji:  99,95  Mo; 

1=10,20  i/cm * 

(lib) 

1400 — 2 200  MoHOKpHCTaaa;  99,95  Mo; 

0,005  C;  0,001  O,;  0,00001  Ht; 

0,001  N,;  1=10,20  z/cjk*  ;<//<= ' 

|X  * 100)  = 26-;  [X  * 1 00)  =24® ; 

|X  * 1 1 1 1=32* 

1200 — 2 200  TexHH'iecKHH  Mo;  99,9  Mo;,/Zh ) 

0,01  noJiyTopHbix  okhcjiob 

1200 — 2 200  MoHonpHCTajui  [100];  99,98 

Mo;  0.0IC;  p20.c  = 5,404 

MKOM -CM  1 1 3b  ) ( , 

1200 — 2 200  99,8  Mo;  0,15  MeTajumiec- 

khx  nptiMecefi;  0,01  (Nt+0»+ 
-Ml,);  1=10,20  z/cM'g^ 


Key:  (A) . Mo  in  sequence.  (E).  Authors.  (C)  . Year,  literature.  (D) . 
Method  (error).  (E)  . Ratge  cf  t€  n p<  rat  ures , °K.  (F)  . Characteristic 

cf  speciaen/sample  (cheiical  cc mpositicn,  c/o;  density,  g/cm3; 
specific  impedance  with  20°C,  C*cm).  (1a).  iilaaent  with  current  in 
vacuua.  Method  of  heat  balance  on  finite  scgeent.  (Ik).  Traces  of 
metallic  irapurity/admixtures.  (2a).  Method  cf  radial  heat  flux.  (2b). 
g/cn3y  (3a).  The  same.  (4).  8.  L.  Rudkin,  C.  J.  Parker,  8.  J. 

Jerkins.  (4a).  Filament  with  current  i-n  vacuum.  Method  of  the  balance 
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of  heat,  6X  = * 1 0o/o . (5a).  Filament  with  cuueot  in  vacuum.  Method  of 

Krishnan  and  Dzhayn.  (5b).  Rclybderum  is  cttaincd  by  arc  smelting  in 
inert  medium.  Composition:  C.18  Fe ; C.C36  Ft;  0.073  Si;  0.04  C;  0.005 
02:  (6a).  Method  of  a variation  in  the  operating  current.  (7).  V.  S. 
Gumenyuk,  V.  e.  Ivanov,  V.  V.  Lebedev.  (7a).  Filament  with  current  in 
vacuum.  Patabolic  section.  (7b).  Industrial  Me.  (8a).  Differential 
version  of  Kohlrausch's  method.  (8fc).  Composition  is  not  given.  (9). 
L.  P.  Philipp.  (9a).  Filament  with  current  in  vacuum.  Exponential 
section.  (10)  and  (11).  E.  L.  Timrct,  V.  E.  Peletskiy,  V.  Yu. 
Voskresenskiy.  (10a).  Method  of  electronic  heating,  by  6x=*10o/o. 
(10b)/  Polycrystal:  99.95  Mo;  >=10,  20  g/cm3.  (11a).  The  same, 

6X=  10- 12c/o.  (11b).  Single  crystal.  (11c),.  c/ci3.  (12),  (13)  and 

(14).  V.  E-  Peletskiy,  Ya.  G.  Sobol*.  (12a).  Method  of  electronic 
heatimg  vith  calorimeter,  6X=*8o/o.  (12b).  lechnical  Mo:  99.9;  0.01 
cne-a ed-cne- half  oxides.  (13a).  Sirgle  crystal.  (13b).  }jG*cm.  (14a). 
metallic  impurity/admixtures. 


Page  175. 

(It  is  possible  to  assume  that  Soviet  measurements  taken  in 
specimen/samples,  very  close  in  technology  of  ettaining  and  purity). 
On  the  foreign  data  given  to  Fig-  7-9,  it  is  difficult  to  make  any 
judgements  about  the  thermal  conductivity  of  molybdenum  vith 
temperatures  higher  than  1500°K. 


I 1 

> | 
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;3] 

Soviet  data  lie/rest  acre  mound.  Data,  ofctained  in  the  institute 
cf  hi$h  temperatures  (curves  10-14)  in  the  massive  specimen/samples 
cf  Soviet  molybdenum,  delineate  a comparatively  narrow  zene 
[♦(5-0) o/o  ] the  possible  values  ot  the  coefficient  of  thermal 
conductivity.  It  must  be  noted  that  different  curves  are  obtained  in 
different  time  during  irstallaticns  with  different  working  sections 
(fable  7-3)  . 

J 

) 

> 

) 

)] 

J 

> 

9j 

A 

>; 

■ | 

X 


f 
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Fig.  7-9.  Foreign  data  cn  tie  therial  conductivity  of  nolybdenum 


KeJ:  11).  W««-‘»deg-1. 


»> 

tm*r'  IM*  ’ 


*aee  me  tee  tee  aee  uoe  mo  * 


Pig.  7-10.  Soviet  data  cn  the  theraal  conductivity  of  nolybdenun. 


Key:  <1).  1 »deg . 
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As  the  illustration  of  the  value  <cf  the  candca  error  for  curve 


14  are  presented  the  extetiaental  joints,  cltaioed  in  three  different 
speciaen/sanples,  cut  out  frca  cne  and  the  saae  bars  of  the  naterial 
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yn 

being  investigated.  As  is  evident,  the  scatter  cf  points  does  not 
exceed  i(4-5)o/o.  By  dotted  curves  are  represented  the  results  of 
investigation  of  the  single  crystals  cf  mclybdenum  (curves  11  and 
13).  for  their  coincidence  with  data  fcr  pc lycr ystalline 
specimen/samples  places  in  the  doubt  the  cccclusions  of  Jun  and  Hoch 
[7-16]  about  the  essential  effect  cf  scattering  cn  grain  boundaries 
of  high-teaperatur e range.  Cur  data  they  close  to  adjoin  the  results, 
obtained  by  1.  P.  Filippov  (curve  9). 

Completely  noticeably  differ  frcm  the  series  of  our  data  results 
[7-r14]  (curve  7).  As  in  the  case  with  tantalus,  the  obtained  by  the 
authors  this  works  of  value  correspond  to  the  very  low  values  of 
Lorentz  number:  in  average  segment  cf  a curve  they  approximately  to 
20c/o  lower  than  theoretical  value. 

The  ccnparison  of  these  observed  by  the  experimenters  of  the 
values  of  Lorentz  number  is  carried  cut  on  Fig.  7-11. 

Cur  measurements  (necessary  data  cn  p acquired  were  on  the  same 
specimen/samples  and  shewn  cn  Fig.  7-12),  1.  P.  Filippov's  results  as 
direct  measurements  of  lorentz  number,  made  by  Cutler  and  Cheney 
[3-4],  make  it  possible  to  speak  about  the  rcticeable  manifestation 
of  the  phonon  component  cf  thermal  conductivity  of  molybdenum  and  are 
characterized  by  exceeding  of  the  aeasured  values  of  Lorentz  number 

i -tlycii  rat i ones  . 


V 


Fig.  1-11 


Fig.  7-12. 


f i 9-  1~11«  Lorentz  number  of  mclybdenum.  The  designations  of  curves 
correspond  to  the  reference  numbers  cf  works  in  fable  7-3. 

Key:  fl).  V*»deg'A. 

Fig.  7-12.  The  resistivity  cf  iclyfcdenur  (ctr  data).  The  designations 
cf  curves  correspond  to  the  reference  numbers  cf  works  in  Table  7-3. 

Key:  (1).  Q»cm  (°K)  - *. 

Eage  177. 

The  results  of  Ostcrre  and  V.  V.  lebedev  dc  not  give  grounds  for 
this  ccncl usion.  Figures  7-S  - 7-11  make  it  possible  to  make  the 
assumption  that  curves  1,  2,  5,  7 and  8 will  certain  the  disregarded 
systematic  error,  that  distorts  the  true  character  of  temperature 


>o 


Ii9»  ^'13*  Fonaign  data  oa  the  tharnal  conductivity  of  tongsten.  The 
designations  of  curves  correspond  to  the  reference  nunbers  of  works 
in  Table  7-4. 


Keys  II).  H*n-» deg 


F* 
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7atle  7-4.  Enumeration  cf  tcrks  on  the  theraal  conductivity  of 

toagstfln. 


Cb) 

1 (C) 

CD) 

u/n. 

ABTOPM 

Toji  m .WTrpaTypa 

M^toa  (norpruiHorTK) 

A.  Q.  Worthing 


1914-  1 925 
[Jl.3-21.  7-9| 


C.  Zwlkker  1925  (J1.7- 10| 

Robert  M.  Osborn  1941  |J1.3-22| 

Robert  D.  Allen.  I960  (J1.3-33J 

Louis  F.  Glasler. 

Paul  L.  Jordan 


5 P.  JI.  PyflKMH.  I960  [J1.3-23J 
y.  iI)K . flapKep, 

P.  ,rl>K.  jlxceHMtlHC 


6 B.  C.  TyMenioK,  1961  (JI. 3-301 
B.  B.  /leOeaeB 

il.  JI.  TiiMpoT , 1963  |J1.7-20| 

B.  3.  fle.ieuKHft 


MHTb  C TOKOM  B BH  K V V - 

Me.  Me  to  a Oa.iaHi'a  Ten  la 

na  KOIICMHOM  VMflCTKC  06- 
pa.ma 
To  we 
To  w e 

MHTb  C TOKOM  R B3K\  V * 

Me.  Mctoa  KpHUiHana  h 
J l m a Ah  a 


Mmtk  C.  TOKOM  R RaKVV-  1 600- 
mc.  Mctoa  OajiaHca  Ten.ia 
Ha  KoneMHOM  TeMnepaTVp- 
hom  HHTepna.ie,  &\= 

*JH«Tb  c tokom  n BAKyy-  I 200- 
mi*.  HapaOoAHMecKHA  yqa- 
ctok  , flA=±6% 

^WeTon  a.ieKTpoHHoro  Ha-  I 300 
rpeiia.  d A=^  I S1*  « 


1 1 potto  lona 


-2  000  CncKTpa.ibMo  mhctwm.  Cjicau 
MOTa.I.IHMCCKHX  npiiMeccH 
-3  400  , WMaTcpHaA  nanywH  mctoaom 
nopouiKOBoil  MeTajwiyprHM;  mhc 
tot*  nepnoro  oOpaaua:  99.95 
(0,002  (.u;  0.04  Mo);  BToporo: 
^99.91  (0.004  Fr;  0.005  Tl; 
0.005  Nl;  0.006  Ot;  0.04  Mo) 
2 800  ^^CneKTpa.iMto  MMcrwfl 


-2  500  npoMbllll.lCHHNA  BOANjipaM 


-2  900  I Bo.iwfip.iM  s.ieKTpOHHO.iVMenoA 
imabkii.  MiicTOTa  99,9#4 
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Contiauatioo^  Table  7-4. 


XapanTriwcTima  oftpasua  (XMMM  ipi  KMfl 
oocraa,  %;  njDmxt  tk,  e/cm*.  yaejiwHoe 


(•npOTHR-TTMlie  npM  20*  C.  OM-CM) 


8 M.  Gutter,  1963  |/1.3-4| 

O.  T.  Ghenev 


9 E.C.  rtjia tvhob,  1964  |J1.2-38| 
B.  B.  <t>MopoB 


JI.H<|«J>epeHUHajibHbjft  Ba-  600— I 8(X)  5 AloiioKpiu  ia  i.ikwckhA  oi'ipa- 

pnaHT  Meroaa  Kon.payiua  3eu;  cocraB  hc  iiphhoahtck 

fa)  fa) 

HwTb  c tokom  b Baxyy-  1300—  3 300  npoMuiiiiPHHijft  ho.'iw|>p.im 
me.  PaoieT  BTopoA  upoiu- 
boahoA  TeMnepaTvpHoro 
pacnpcaejiemiii 


10  (O.  H.  Cnmohobs , 1965  (71.7- 12| 

J\.  n.  <t>H  lHnnoB 


//i?*)  (rok\ 

HMTb  c tokom  ■ aaxyy  I 400 — 3 (XX)  BiviMppau  mi  pox  BA  311  m B4 
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Ray:  (A).  Mo  in  sequence.  (E).  Authors.  (C)  . Tear  and  literature. 


(C).  Method  (error).  (E).  Irterval  of  tempt  late  res,  °K . (F) 


Characteristic  of  speci len/saif le  (cheaical  ccaposition,  o/o; 


density,  g/cm3;  specific  impedance  with  20°C,  C«cm).  ( 1 *) . Filament 


with  current  in  vacuum.  Method  of  the  balance  of  heat  on  the  finite 


secnent  of  specimen/sample.  (1b).  Mire.  (2a).  Tte  same.  (3a). 


Spectrally  pure/clean.  Iraces  cf  letallic  i ■ put ity/admixtures.  (4a) 


Filaaect  with  current  in  vacuus.  Method  of  Rristnan  and  Jan.  (4b). 
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Hater ^al  is  obtained  by  the  Method  cf  pcwdei  Metallurgy;  the  purity 
cf  the  first  s peci men/sam { le:  99.95  (0.C02  tu;  C.04  Ho);  the  second: 
-99,91  (0.C04  Pe;  0.005  li;  0.C05  II;  0.006  C2;  0.04  Ho).  (5).  R.  L. 
Rudkin,  U.  J.  Parker,  R.  J.  Jenkins.  (5a).  Filament  with  current  in 
lacuuM.  Hethod  of  the  balance  cf  heat  ir.  finite  temperature  interval, 
6X=+10c/o.  (5b).  Spectrally  pute/clean.  (6).  V.  S.  Gumenyuk,  V.  V. 

Lebedev.  (6a).  Filament  with  curreit  in  vactuv.  Parabolic  section, 
6X=t6p/o.  (6b).  Industrial  tungsten.  (7).  E.  L.  Timrot,  V.  E. 

Eeletskiy.  (7a).  Hethod  of  electronic  heating,  ty  6\=±  15o/o.  (7b). 
Tungsten  of  electron-beam  melting.  Purity  99.9o/o.  (8a).  Differential 
version  of  Kohlrausch • s method.  (8b).  Single-crystal  s pecimen/sample; 
ccnposition  is  not  given.  (9)  . E.  S.  Platuncv,  b.  Fedorov.  (9a)  . 
Filament  with  current  ir  vacuui.  Calculaticr  the  second  derivative  of 
teiperature  distribution.  (5b).  Industrial  tungsten.  (10).  YU.  N. 
Sincn$v,  L.  E.  Filippov.  (ICa).  Filament  with  current  in  vacuum. 
Exponential  section,  6X-t9c/o.  (10b).  Tungsten  cf  brands  YA-3P  and 

V4«*  (11).  B.  E.  Neymark,  1.  k.  Vorcnin.  (11a).  Eode's  method.  (11b). 
Purity  99.95o/o.  (12).  \.  E.  Peletskiy,  Ya.  G.  Sobol*.  (12a).  the 
Method  cf  electronic  heating  with  calorimeter,  6X= 6-80/0.  (12b). 

Easis,  (12c).  g/cn3.  (lid).  pG«cm. 

Eage  180. 


Vithin  limits  of  error  in  the  corresponding  measurements,  it  is 
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possible  to  speak  about  the  coincidence  of  cur  cata  with  results 
[2-38*  3-30].  Curved  10,  obtained  cf  Yu.  N . Sincnovoy  and  by  L.  P. 
Filippov,  give,  it  is  piotable,  the  high  values. 


Tc  this  sane  conclisict  it  is  possible  tc  arrive,  by  examining  a 
change  cf  Lorentz  number  cf  turgster.  (Fig.  7—  1 5 ) p curve  10  in  the 
range  cf  temperatures  of  15CC-250C°K  it  gives  tie  highest  values  of 
lerentz  number. 

Combined  analysis  Figs.  7-13  - 7-15  makes  it  possible  to  assume 
that  during  the  generalization  of  experimental  cata  cn  tungsten  for 
basis  could  be  undertaken  Osborne’s  works  (curve  3),  Cutler  and 
Cheney  (curve  8)  and  the  results  of  Soviet  works,  with  exception 
curved  10.  This  series  delineates  the  band  cf  tie  possible  values  of 
the  coefficient  of  therral  conductivity  8-  1Cc/c  in  wide  around  the 
average  value,  which  is  charged  frem  1C8  V/  |m«deg)  at  1300°K  to  96 
V (»*deg)  at  2500°K. 


) 


"V 


) 


) 
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W9*  1-14.  Domestic  data  on  the  theraal  conductivity  of  tsngsten.  The 
designations  of  curves  correspond  tc  the  reference  numbers  of  works 
in  Table  7-4. 


Key:  X1)-  M*m -*  «deg  -* . 


Eig.  1-15.  Lorentz  number  of  tungsten.  The  designations  of  curves 
correspond  to  the  reference  nuibers  cf  works  it  rable  7-iu 


Cage  181. 


It  is  possible  also  to  assume  that  with  the  high  degree  of  the 
probability  of  transfer  of  heat  in  tungsten  is  characterised  by 
noticeable  participation  by  phenen  ccnpcnejt,  which  appears  in  the 
excess  of  the  measured  values  of  Lcrentz  nuiber  above  the 
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theoretical.  Host  reliable  works  are  determined  it  by  the  values, 
which  lie  at  range  (2. 8- 3. C ) • 10 “•  \2/dega. 

V.  E.  Peletskiy  anc  Xa.  G.  Sotcl'  will  conduct  measurements  of 
heat-  and  electrical  conductivity  cf  cermet  tungsten  with  the 
additions  cf  oxide  of  yttrium  (work  12  in  Table  7-4) . In  accordance 
with  technology  of  the  production  cf  specintn/samples  this  tungsten 
could  te  considered  as  twc-phase  system,  and  taking  into  account  the 
fact  that  the  conductivity  cf  cxide  phase  substantially  lower  than 
the  conductivity  of  matrix/die,  it  was  possible  in  the  first 
approximation,  to  speak  about  material  with  conditional  bulk  porosity 
E.  In  this  case,  in  the  first  examination,  it  is  possible  to  count 
that  the  function,  which  corrects  the  values  cf  conductivity 
depending  cn  P,  will  be  identical  both  for  heat  transfer  and  for  the 
transfer  of  charge  X=X0f(P);  o=o„f(P).  In  this  case  the  presence  of 
porosity  (second  phase)  must  net  ncticeably  distort  the  value  of 
Lorentz  number  of  this  system.  Actually,  as  shews  Fig.  7-16,  value  L, 
obtained  for  the  investigated  system  [ (5.9-3.  1).  • 10-8  ],  excellently 
coincides  with  reliable  data  for  the  puLe  tungsten  (see  Fig.  7-15). 
Let  us  note  that  the  discussed  results  indirectly  confirm  reliability 
of  the  data  of  D.  L.  Timrot  and  V.  E.  Eeletskiy  [7-20]  (curve  7 on 
Fig.  7-15).  If  on  V.  I.  Cdelevskiy's  formula  [7-17]  for  statistical 
mixtures  is  calculated  a change  in  the  conductivity  6X=(X0-X),  then 
in  our  case  (/7Te«~8,5%)  it  will  prove  to  be  equal  tc  approximately 
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13C/0*  Experiment  gives  change  6X  frcm  15o/c  with  1400°K  to  lOo/o 
with  2200° K - agreement  entirely  fair. 


!') 


Fig.  ®~16«  Thermal  conductivity  and  Lorentz  number  of  tungsten  with 
the  additions  of  oxide. 


Key:  |1).  W«m-*  *deg-* . 

Page  182. 


By  the  named  works  it  is  possible  to  restrict  survey/coverage  of 
the  ejistirg  these  on  thermal  conductivity  iase  refractory  metals  in 
high-temperature  range.  It  tears  several  ore-sided  character,  since 
it  does  not  consider  investigations,  made  ty  unsteady  methods. 

(n  conclusion  we  give  the  instituted  cr.  out  measurements  data  on 
the  coefficient  of  therial  conductivity  and  the  resistivity  of  base 
refraatory  metals,  with  error  not  tore  than  4-8c/o  on  thermal 
conductivity  and  2-3o/o  on  resistivity  they  characterize  the 
properties  indicated  for  the  materials  cf  the  hiqhest  purity,  reached 
la  their  industrial  production  at  present* 
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/"able  7-5.  Coefficients  cf  the  thersal  conductivity  cf  base 

refractory  Beta  Is  X. 

fO  ( I,  ops  f,  *K 

I aooj  I 400  | 1 600  1 1 800  j 2 000  | 2 20o|  2 400  | 2 600  | 2600  3 000 


27,4  30,9  34,4  37,9  — — — _ 

22.6  24.0  25. 6 27.2  28,8  — — — 

60,2  62,8  65.4  68,0  70,6  73.2  76.8  — 


64.4  66.6  67.2  68.6  60.0  61.4  62.8  64.2 

111  106.6  1 03  100  97,4  94.8  92.2  — 

112  110  108  106  103.6  101.6  99  97 


66.6  67.0 


Key:  (1).  Metal.  (2).  X,  S • a ~l  «deg  -*■ , with  1,  °K. 


Table  7-6.  The  resistivity  cf  base  refractory  i eta  Is. 

(!)  I (%)  P.  mkom  CM,  npu  T.  *K  — - 


T.  *K 

p.  MKOM ‘CM 


Key:  X 1)  . Metal.  (2).  p,  jjC«cb,  with  T,  °K.  (3>  . *With  T>2000°K  for 

Mf,  ve  have.  (4).  /jQ»cii. 
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